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I. ;Z.::!tmcJcms 

%-is doc-nt is the twenty-fourth in  a series of info& monthly letters 
reprtixg pr2grcss of the  X€RVA ellgine developmtnt program and its associated 
taslks, ~ ? d  is sbmittod i n  Fst+,ial AiliiLlncnt of AEC-IPASA Contract SIP-1. 
This (?oc*a!!eilt covers t!ie m n t h  of 2une 1963, and is the ninth m n t h l y  report 
to be w i x z i t t e O  during NERVA cont rac t  Year 1963 (1 October 1962 thraugh 39 
Septe&er 1363 1. 

Wozk perroad i n  each report ing period is discussed by task item maber 
as daficei5 ',s the ci'n';ract. 
scatef  t o  a cor*.-eniezt quantity,  the in ten t  is t o  include in each moEthly 

report o i l y  thrzt d i s s s s i o n  uhich is required t o  provide the reader with a con- 
z i sc  S I L ~ I L ~  of the vork p e r f o m .  

lengthy xheor t t i c s i  der ivat ions,  and extensive data tabula t ions  have been purpose- 

In  order t o  restrict the amount of material pre- 

I n  general, deta i led  technica l  information, 

cmftted. 3ese Getails w i l l  be provit2ed as appropriate i n  special technical 

repx-s. 

Tais docmnt  is tne  result  of combined input da t a  Prom REON; Westinghouse 
Astxwuclear Laboratcry; The Bcndix Corporation; * L  Gjx Trcd..c s 'crospl:ce 3i :!ston; 

PJ-F Akylics, a Division of Asrrican &chine and Foundry Co.; and Lic@d Rocket 
and !%w-ej FlarAs of Aer3jet-Gemral Corporation. 

3 Intrcduction, Page 1 
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Report No. Ix)56O-lO-2b 

11. SLRaRY ' 

Work proceeded during the reporting period in accordrurce Vith Contract 
SIPP-1, Supplement XI t o  Appendix B, ef fec t ive  1 Hay 1963. 

Additional wrk authorized t o  proceed i n  admce of receipt  of C.0. 

lo. 1 t o  Mod 8 was begun. This consisted of the  i n i t i a t i o n  of procurement 
of' camer~~, ligbt sources and associated fixtures t o  be UKd in conaection 
vlth the reworked IQRX-A nozzle during the conduct of NRX-A te8ts. A round 
t r i p  shipping demonstration of a dunmy care by special  t r s i n  rrbipacnt y a ~ )  

completed t o  obtain environmental data on scce lemt ion  and shock l&. 

In order t o  ensure tha t  the future test efforts at HRDS on t he  
-A29 and -A3 will be monitored properly, an IORX-A1 TMk pbrce has been eetabl-~ed. 
'his group has -been cbarged v l th  the continuous revlev or c r i t i c a l  areas Including 

design, fabrication, assembly, test plaMing, and RRDS operation. The hak 

Force will n m i t o r  areas appearing t o  affect test schedcles, ard establish 
causes of any possible d e w  in the test schedule. 
determined so that the test schedule arry be m-established and mintabed  wlthout 
-her delay. 
ment any action wbich should be taken t o  correct  possible schedule delays San/or 
the establishuzmt o f  new sc5ed;iLes. 
the various progxnm participants.  The lacmbership of the 'Ibdt Force Will coasist 
of a senior representative from RgoH, IRP, W L ,  10T0, and SIP0-C. 

Corrective ac t ion  will be 

In addition, the Thsk Force w i l l  r e c w n d  t o  HRWA pro6nm mMILpe- 

S-kerlule changes will k coordinated 

A solnevhat slmllar group, the Nozzle 'I8slr Force, har, been fozrd to resolve 
the nozzle casting problems. 
CZ obtaining the required physical propert ies  for the nozzle castings,  par t icu lar ly  
elon&ation of the nozzle w e t .  
with respect t o  the ultinrrte and yield strengths. 
properties have not been obtained. 
desired, uhue  vrilucs of 2 t o  6 have been obtained. 

Principally, the nozzle casting problems consist 

Acceptable qual i ty  carting8 bave been obtained 
To date, acceptable clongatlon 

of 6 to 8$ are Elongation sues in the 

Rozzle casting attempts at h c i f l c   ram Co. hve been terrinakd for 
the the being. b t c a d ,  Oaetiw vtll be fbbricated at the IRP faundry. mls 
foundry presently liSe8 a casting =tal iluumlnum A-356) in TI- p m  hour-8 

.............. . . . . . . . . .  .......... . . . . . . . .  . . . . . . . .  ........... 
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R t p o r t  Mo. LOSO-10-24 

which has demonstrated the capabi l i ty  o t  pmvidlq t h e  e l o m t i o n  rates 
required for the m V A  nozzles. Additioml nozzles will be cast at  the 

Howvd Fowairy i n  Chicago. 
produce acceptable qua l i ty  castings vith t he  desired e l o m t i o n .  

This foundry c l ~ i m s  t o  have t h e  capabi l i ty  t o  

A second concept, involving all steel U-tube nQzzles, is being expedited 

as an a l t e r n a t e  approach t o  the  solut ion of the nozzle fabr ica t ion  difficulties. 

I n i t i a l  actuat ion tests were conducted with the  first Configuration I1 
W V .  Satisfactory operation resulted. 
of operetiorcal and environmental tests. 

Work vill now begin with the  conducting 

A successful test #E conducted or the Mc XI1 Mod 3 TPA at near FX power 

and under hot turbine gas conditlons (excess of 1200%). 

Design vork proceeded on t he  c o n q t a  layout  of t h e  Mt IV n6d 2 TPA 

which IncluJes provisions for sealing the punp. 

, by sNH;-C in order that only minor TPA rev is ions  wuld be required i n  t h e  event 
that it became necessary t o  accomplish a " w e t  pump" s tar t -up.  

This re-direct ion was specif ied 

Qualification tests ofthe RRX-A reactor shipping container have been 
The test results indicate that the shippiag container satisfies completed. 

all specification requirements. 

Elabritation t e s t i n g  of the +inch Bb fuel element lengths suspended i n  
the  lateral support system (W-Al Single Coil Springs) has been completed. 

bdifi:crtions t o  the building at the  UAHEF rite, where the reactor  c r i t i c a l  

exper-nta will be conducted, have been completed. 

The analytical and experimental uork on the hydrodynamics of the emersion 
of a 103(VA core i n  mter has been caapleted. 

Documertation submitted dur- t h e  reporting period is s-rized under 
Sub lksk  4.3, Additional Docwmmtation. 
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It- 1.1 MGME srsTQ4 

1. E-Blwk Z - W i s e  Dr;Lu!? 

k ' x k  corrtfnlled crt ax- i n t e r f i x  control drawing for  the 
c o n t r d  dnnn interfaces wi th  the presszre vessel and the a c t m t o r  envelope 
configuration. 
engine assembly -disasse&i,u cgera t icm , 6r.d :&%tea a - a i l a b i l i t y  ef design 
infonuation for the G.E. ect-astors acd a s p l l f i e r  bm-duare. 

Problem a m s  include s p c e  requirements needed t o  f k c i l l t a t e  

Revisions t o  3rswings l@?50?, Block I, Engiac Assembly: and 
088255 Block I, Engire I s t a l l a t i o n ,  are  59% complete. I n  a63i t ion t o  the 

relocation of the turbine exhaust and propellant feed l i n e s ,  a check valve 

and bellows VBS aMed  t o  -he p ~ m ~  discharge l i n e  i n  conformance with recent 
systems informstior.. 

Design effor t  conticued on an in+,erface control drauln& t o  
e s t ab l i sh  the remote disassemblyassernbly sequences for the  E-Block I Engine. 
Subsystem design and develoment a c t i v i t l e s  are being coordinated and used t o  
e s t ab l i sh  a basic mechaqical configuration c a n p t i b l e  with current handling 
equipment design informatics. 

I n  accordaxe vi th  progmu camnitnents t o  revise  FX Engine 

Model Specificatiofi AGC-10095; design changes vere rmple t ed  f o r  the  following 
amwings : 

a. 

b. 

086864, Hot bleed Instai la t ion,  FX Engine 

086865, Iiot Eleed Assy, FX Engine 

c. d9649, Schem+ic Controls snd Flow Diagram 

d. Engine Orientation iliagram 

Revisio? "F" of the Phnn ing  Parts L i s t  for the hot-bleed 
NEP.\IA developnent engine is i n  prccess artd will be issued during the next 
report  period. 

11 Task I, Page 1 Item 1.1 
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2. Zatcrfbce ci.ec 8 

Current !bbriat lar schedules for the r t c h p l a t e s  and master 
a e s  indicate thet they uiU be delivered t o  WU by 31 August. 

h b r i c a t i m  rework change mqwsts h r  ar tchpla te r  and lPaster gcges have been 

issued by LRP t o  canply with the new #Rx-A2 P.V. design. 
discussions with the fabrication vendor and UAl'U, representat ive,  early A q u s t  

delivery of the shield-to-reflector-to-P.V. m t c h p l a t e  , and the cylinder-to- 
clos-are aatchplatc ,  was considered feasible.  

Design and 

As a result of verba; 

3. Spccif ics t iona and Documentation 

a. FX-Engine Hodel Specif icat ion 

Effort on ~ v i s i o a  D of the s p c i f i c a t i a n  was completed 

and i t  w i l l  be issued on schedule. 

Infomution end &ta f o r  up&ting the model sp rc i f i ca t lon  

vi11 be incorponrted i n  the next reviriori of th? DBta Book. 

Tne Final Report on the Gemration 11 -A Engim Simulator 

(ma Report 2543; 
on th io  project.  

issued during this period. lhis completes a l l  effort 

C. SUB-SIB'MSK 1.1.2 - co&D flxly D E V I L O m  SYSTM (Crms) 

1. Design 

Ihuvings of the unique hard#re are nearing canpletion, except 

for the turbine i n l e t  l ine  which I s  being redesigned as a result of the change 

in di luent  extnrct ion location. 

canplete,  6nd study of the assembly handling m d  t r raspor t . t ion  of the  CFDTS 

i e  continuing. The pressure vessel assembly draving !.s &$ canplete. Eff'ort 
coatinued on the conceptual denign of the propellant supply l ine  frcm the  H-5 
tank t o  the  CFDTS tank shut-of" valve. 

"he Sequence Assembly Plan drawing I s  50% 

12 Task 1, Page 2 
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2. h b r i c a t i o n  

Fabrication orders were reloased for standard hardware f o r  
the thrust s t r u c t u r e  aesenbly. 

3. 

L f ' for t  was con+.indej. on revisions to the preliminary t e s t  
pian. 

m6 coordinated, i t  was cor.finned that :he mclear instrumentation would be 
baser: c!: the  NFU-n; instrin,err+mtLcr.. 

A t  a meeting vith WXL the instrumentation measurement requirements list 

E. SijB-SUXXSY. l - i . 6  - ENciINE S k ' S m  ANUZSIS 

Uliring t h i s  report period tne systems anelysis work e f f o r t  was 

continuec with amuses of the NRX-A, LXDTS, and E-engine systems. 
of the WANL systems analyses uas received and incorporated in to  the overall 
HERVA systems amlgsis program. 

r e s p w s i b i l i t i c s  re la tea  t h  t h e  various systems analysis efforts, end t h i s  
will be submitted t o  SW+C for approval as part of the overall  system analysis 

pmg-0 

A listing 

Agreement was reached w i t h  WAHL on 

During .he reporf, period, ?he folloving work c f f u r t  VBS accomplished 
under the system alulysis p-cgxzsrn: 

1. Steakv-Stat? Analysis 

'Ihe nuclear ecgine anslysis program was used to es tab l i sh  

the Lurblne lnlet l i n e  Drifice size. A tentat ive selection of an o r i f i ce  WAS 

-de and a new set. of opexaTi3g conait.icns vas calculated. !Jhe prognvt has 
r h o  been wed uitn dah for Lhe Kiwi-5-2 core to de te rdoe  system performance. 
Because of the laver  core pressure drcp, h!.gher performance is obtained. 
runs were wde to e s + ~ b l l s h  the NEPYA engine growth potential .  
w68 modified t o  ellow use of a new nGzzie heat t rensfer  coefficient.  
w i l l  be made t o  dete-ce any change in  systerc performance which resul ts .  

Several 
%e program 

Runs 

A modlf4,cation of the  nuclear system analysis program is 
being -de t o  allow analy:: Is of the MUI-A system. 
closed-loop provisions i n  t he  currer.t progrsn. 

This involves removal of the 

13 Task 1, Page 3 . Item 1.1 
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Report No. ~0560-10-24 

low schenr t ics  were issued for t h e  Fx engine, the E-1 t e s t  

Several performance conditions rt 709L paver, and the E-1 &sip conditions. 

curves uere prepared for inclusion i n  the  engine model spec i f ica t ion .  

The prognsm used t o  determine core fue l  element and tie-rod 
flow d i s t r i b u t i o n  and tempelstures is being used t o  determine the  requircd 

a r i f i c i n g  f o r  equal fuel-channei temperatures at design conditions. 

A nozzle t r ans i en t  analysis was -de of tube and cast  

aluminum j scke t  temperatures f o r  t h e  WX-H2 s i au la t ion  tests. 
W i l l  be made t o  detennine the  temperatures ar.d thermal gradients  i n  t h e  

nozzle Jacket under var ious operat ine conditions. 

@&er runs 

A canpo9ent ana lys i s  code, wr i t t en  t o  predfct  component 

limit- temperatures and pressures is being modified f o r  inc lus ion  i n  a 
r e s c t o r - k i m t i c s  code present ly  under prepsnrtion. 

Checkout continues on a bottan support p l a t e  subroutine 
intended for inclusion in t he  nuclear  engine s n a l y s i s  p r o g m .  

A re laxa t ion  network ana lys i s  of t he  Kiwi-B-2 lateral 
support tempezature d i s t r i b u t i o n  is being continued. 

ana lys i s  of t h e  K i v l  3-2 rocker a m  assembly is also being nnrde. 

A detailed thermal 

2. Transient  Analysis 

a. rJRx L)yMmic Analysis 

'he results of the analog cmputer  progrum on t h e  K i w i  B-4 
control  system, which YBS run i n  k y ,  indicated a stable operation of t he  NRX-A 

reac tor  i n  t h e  l$ t o  lW$ power ranges. 

the  r e f l e c t o r  model and the  LRX core model. 

the iatest ~iiangee, ie in pmczee OE 8 e  ciziijmter, Present ia3Acatior?a e r e  

that the  previous results obtained i n  hkj are s t i l l  valid. 

Improvements were fncorporated i n  
"he revised analog problem, including 

A computer model of a gas mixing chambe is being 

The chmber is t o  be s q p l l e d  by LASL t o  provide single-phase developed. 

cryogenic temperature -8 f o r  t h e  NRX-A t e s t s .  The model I s  now on the canputer 

f o r  d e b w i n g .  The gas mixing model when combined with the  feed system model, w i l l  
dupl ica te  t h e  condi t ions LASL i s  using E t  t he  Test S i t e  t o  test t h e  mixing chamber. 

6 
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b. Power b n g e  Simulation 

(1) ~ n a l o g  Cmputer Program 

%e analog engine rn0t.J was then updated t o  t h e  

latest  desi@-. specir'lz\,st.Lox. IhCs irxludes t5e incorponrtion of the latest 
diiuenr. t l c r d  paint ,  bza the Istea: iesign pcir.: pammters. The analog 
e q u t i o n s  ircrolver2 a x  being ccnpiied far H E U  use. 

k e  pouer =rage s'artup t r ans i en t s  are being 
r e m  t o  detennlne tbe ef fec ts  of 'he Eost recent cmputer  model charges on 
those resu l t s  encountered earlier. 

The linesrita'ion n s  completed for the current 
equations used In the power range amios ... 1muia.iion. 
for  t h e  t rensfer  f'unction i n  the NERVA Engine vert' obtained i n  a genemlizee 
fonn In  wder that numerics?. \=Pies fcr the Cifi'eererit ogewting polcts ccuid 
be calctiLated without repeiiting another lineariz&rio:i cf t he  system equations. 
Time constar.ts and gains were calcilateci f o r  t h e  riesigi point  v a h e s  in the  

system. 

Time constants and gains 

Constants w i l l  be calculated fcr a number of 
different  pcwer levels as the  next s t e p  of the lir.e&r analysis .  
analysis will be made at different  sys',em operating l eve l s  t o  determine the 

effect  of the nonlinear charac te r i s t ics  of the  system. 

"hen, an  

The reaxl t s  cf the  analysis will be used t o  check 

the ciyynemics of the sJlutior.  of the analog computer. 
results of t h i s  ana lys i s  will. give a r a t iona l  guide t o  update the cunpensation 
c i r cu i t s  currently being designed for  the control lers .  

More importantly the  

15 Task 1, Page 'j Item 1.1 
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(3) k a C t O r  Syst- m C  -816 

The wAH( hybrid r eac to r  c o n  m o d e l  has ken 
revi8ed for campatibility with the t M # C  computer at n t c t r o n i c  Associate * s 
Piinceton Canputation Center. Armngaaents have been made for initial 

developnent studies of the hybrid core model on tihe HYMC camputer. 

An a m l o g  s imuh l ion  of the prcssure-enthalpy- 

temperature re lh t ions  of hydrogen I s  being developed. 

the hybrid tesc tor  core model. 
feasibil i ty.  

'his vi1'- be used w i t h  

Basic concepts are being lnvest igpted for 

An evaluation is being mde of signal generators  

for use W i t . h  cross-correlation nrtthods for the measurement of t he  transfer 
functions of a reactor. 

c. Coo ldm 

hta taken fmm the cooldown analog computer model 
are now being prepared for d i s t r ibu t ion  In a technical  memorandum. 

data concern probable control schemes for t h e  first 500 seconds of cooldown 
i n  t h e  NRX-A engine. 

lhese 

m e  m o d e l  is now being prepared for incorporation 

i n t o  the full power analog analys is ,  but with '&e reten+,ion of continued 

cooldown analysis capability. 

u n t i l  the receipt of cooldawn nuclear heat generation data f o r  MIX-A. 
i S  current ly  being provided by infomation from K i w i  B-4 tests. 

Additional cooldown ana lys i s  vi11 be delayed 

mis 

d. CFDrIS Transient Analysis 

Ihe Cold-Flow Developnent Test System equations were 

re-exlllrined for t h e  e f f ec t s  of subs t i tu t ing  copper or cluminum for the  usual 
core m t e r i a l s .  

not be important, but that a chaklged t o t a l  hea t  capacity could be qu i t e  
s igni  f i can t  . 

It was found that the changed thermal d l f f u s l v i t y  would 
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3. RtrAmlY 8 i r  

A 7094 digital P-N (LRP IIERVA &?a p-) for auto- 
matic arnlysis of the CFDTS elcw chumel (mrruu band) btr zlld v r i t t e n  and 

is  be- delugecd. 

Inforar t ion YS obtained on the di&i t i l  tap f o m t  used 
by LASL for their chta fraa HfUS Test-Cell A. A copy of the -tal d.u 
tapes fWm the Kivi B-4A hot firing (E.P. V I )  

technique developcnt.  A program is be- v r i t t e n  t o  ram the d.t. t o  
be obtained hpr the m-Al cold Sou test t o  a formt which CLII be u r l j n e d  

by the LRP ltwVA data pclogc. 

aut the planned mdlysls.  

ob- for btr urJy.is 

%e B-4A hat trriag d.t. all be used to  check 

A time series data edit p r o y u  tms vritttn and is be- 
Ihis pmgxam uil l  edit test tmtr t o  locate and corrcct autlying d&@. 

or spviars data points. 
optiansl smoothing of the t%st data as uell as a iisting of &ta points that. 
uere corrected. 

In adfiitlon, the progrsra provides 8 m for 

Final issue of the test plan for the press= vessel closure 
interface mockups wss postponed u n t i l  July due t o  the addi t ion of a shear-lip 
In the dteign. 

1. Design Integrat ion 

a. lM-AAsrembly 

Ihe RRX-A Finrl Assembly drawing ( R E M  Dmwing 092349) 
is nearing campletion, and w i l l  be released un sche6ulc. 

b. Test Car Ins t a l l a t ion  

The test car assembly drawing is being prcpnd by 
WAIG and is appraxlmateiy 955 complete. 
during the next report period. 
schedule. 
Results of the study are expected i n  t h i r t y  days. 

17 Ta6k 1, Fbge 7 

Current plans ere t o  release it 
Fkbrication of canponents I s  progressing on 

A re-evaluation of the instrumentation bocm design is being conducted. 

1ta 1.1 
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2. Support Studies 

Report 80. 2385 dmting proporcd USc thrust-vectcr 
ccntrol system a s  camplcted m d  issued to SIGQ-C. 

I 
? 

I 
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Drrvings vem caplet& p h s e n t i a  mchiniag details, ~ t e r i s l s ,  
procf pressures, proof bmperrturer, L(glll and vendor prt n-rs for tbt 
tuenty-two -te C a w s e a l  Joints i n  thc propellant feed 6yste.m. 

Delivery of llsrro dlscoaacct test cells for deelopmt testiag 
hs heen slipped to 25 July. 

A 15tXbpsi hydrostatic prcxU test uas successfully c a p l e t t d  on 
a 5-inch Numn -tit joint. 

A report ylh prepurd outlining tk results of the prelirinarY 
pup suction llae #ter flcu ttst. 

lkbrfcstion of tbe caponent d e e l o p r n t  turbioc inkt linc 
vas stopped; and a =design of tbe liat w a s  initiated, M on the current plsn 

of coolin# tht lire via diluent extracted hrr tbt shield p l e n u  inlet. 

B. VAWES 

T k  first Confiyrrtion I1 T9ov U t  capleted. A cariigurstioa I 
TSOV w assembled, acceptance tested, and shipped to t h  C1.yagenics laboratory, 
for liquid hydro(pn tests. 

Pbbrication of a 'PPCV piston-ring test fixturc rn c w l e t e d  and 
t e s t s  *h conducted on tvo rings fabricated fmm IhStell0y-C. T& rirrgs ueN 
installed i n  ttw piston-ring test fixture and placed in (u1 oven for 5 minutes. 
'Re piston rings were dignsiomlly inswcted before installation and after 
-1 fra the t e s t  fixture. %re was no cvldmnce of any loss i n  spring rate 
or Perraaent distortians due to thc elevated temperature. 

......... . . . .  
0 .  '. ; * *  : _ '  . . . . . . .  ........ ...................... 
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Ambient tcqpcrrture internal-leak tests ycre coaducted on t& 
stainless steel Canfiguration II Tpev. 
closed 800 tiws. 

gbstous nitrogen applied to  t& i n l e t .  
deterpine th le- k t u c t n  tbs piston r ing  axxi borqy bore. This leslrage uas 
d e t e r r i d  to k 1.5 scih of w e o u s  nitrogen. 

T k  valw. gpte YL) cycled open and 
past the piston ripe avenqpd 2.1 s c h  vith 5 - p s i g  

Subs-,guent tests uerc conducted t o  

Ira4p tests vith were conducted at the c m n i c  laboratory 
usilrg a staicltss steel primary seal a d  seat i n  the cooldown-valve test cell. 
Tbc hs\;lts indicated tbat tk p r m  seal m i n e d  bubble-tight at l iquid 
h m n  prrss\urs up to  S-ps lg .  A 50-p ig  gbseous-heliu leak test ULS con- 

ducted after tbt test ce l l  bad W d  to arb len t  temperatun. T& primnry poppet 
s e ~ l  naaiacd bubble-ti@t. 

A staidless steel poppet seal and seat undtrwent a functional and 

leak test, using the cooldam-valve test cell. 

NL) at  va~;uus in te rva ls  during tbt 370 popmt actuations. lcahge averaged 

less tban P-cchin during the ten leak-tests conducttd. 
scat and seal following tk t e s t  disclosed no deter iorat ion of either the seat 
or seal. A o l y s i s  of thc  test results is be- continued. 

'Pcstiag uas coaducted usiag 
~ ~ ~ C O U S  hell- ~00lcd to l i q a d  nitrogen terpcmtuhs. S O - p ~ i g  ICal-ests  em 

Inspection of the 

c. TuRB0H;EIpASsmBLY 

% basic !FA t e s t  $,urn uas brought up to date by am?ndments 
publish;-? duriug this report period. I n  addition, a preliplinnry specif icat ion 
was r d l e t e d  del ineat ing TPA tnspection instruction, disassembly inspection 

frlstruction, new hardware caponent  dimcsional records, anb f i n a l  bardwarn 

ccmpobent dimensional records. 

A Hsrk 111 M o d  3 TPA (S/N OOOOGO6) was assembled and tested on 
Run 1.2-C8-mrP-003. 
under hot tmb ine  conditions. The test vas successfclly ccmpleted for a t o t a l  
i ' ua t ion  of 71.4 seconds. 
leading edge of the second stage ro to r  buckets near the t ips.  This was at- 
t r ibu ted  t o  blame holding at t k e  second stage nozzle exit. 

The object of this test was t o  evaluate the turbine 

Post- tes t  disassembly revealed SQ melting of the 

Test setup 
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maiifications we= i n i t l a t e d  to  prevent oxygcn concentration. 
included thc addition of a p l e n u  PiXing charkr to  t& gas-geazrstor s y ~ t c r ,  

and tke inclusion of an O2 l ine  purge t o  insm t!ke e l i s inn t ion  of any shutdovn 
tenpttmtw s p i k s .  

Chaa@~e mule 

.. 

Tke des- onginer ing e f f o r t  on the ?&miit IV t w b o p w  was Fcdincted 
L .  

t o  conceptual des- a c t i v i t y  02 t5e mv e t - F m p  concept. 
c o c e p t  includes provisions f o r  a l i f t -o f f  seal i n  the gwer transaission at the 
turbine interfa%, and & a 1  f h i d  strls 03 a l l  externs1 Joints.  
of this Fedirertion, mu schedules e d  n%leposts for the l&rk IV M o d  2 w i l l  be 

This lbrbt N M u 3  2 

-. As a result 

.- e s tablisked. 

Assembly of WAY S h  OOOOO05, is nearing cmpletion. This TPA 

._ employs the pi& second-stage nozzle, i n t eg r s l  labyrinth, an6 Arralon beating 

cages i n  a l l  positions. I 

3. BgARI?Jcs . _  I 

i 
I 

A tearing test plan ULS caupleted. The first, end backup, bearing 
I 
! 
! choices f o r  demonstration af t k  contnrct year mileposts vere sclectied and 

presented i n  this plan. 

Three bearing tests ( 1 . 2 - c ~ L m - 0 1 6 ~  -917, and -0l.8) ~ e h  ccm13~cted 

i n  t h  t-*bine +xster during this mpcrt =rid. 
UX2 l i n e  contamination fran tta test stand. The second was perforPed to e%i-xite 
a new IT1 close-clearance thrust beariog georetry with an Arrelon thin-line age. 

Post-test  inspection of the bearing after 8.2 minutes of operation at X!OO pwnd 

load eh-d inner nice distress due t o  a b r i t t l e  fracture a t  t k  ball-mlling 

track. 

'Il?e first uas aborted due t o  

The %him3 test was perfomed priEarily t o  cvaluete a 16-roller thlt-  

l im  Arrrlon ceiged r o l l e r  bearing f o r  tk turbine and position. 
of opemtion at 2OOO 1b load end 16,000 qm, this bearing r emiaed  i n  excellent 

After 9.0 ainu+&s 

i condition. The develoFQent of non-nwallic, caged, roller bearings wa6 previously 
considered t o  be very difficult  due t o  low cage stre-h a t  the t h i n  sections 
between tk r O l l e r S .  A 14-roller bearing with a similar -on thin-line! cage 

21 Task 1, Page 11 Item 1.2 
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w run in  thc slave ( u n l d e d )  position of th i s  third tes t .  

of this bearilrg =re mderately b d ,  a d  the surfaces of t b  rollers tmd a 
d u l l  blue-stained appearance, whi l e  the rollers of the loaded 16-rolbr bearing 

were bright. This indicates that an unloaded condition my be mom severe t han  

one with a 2OOO-15 load. 

The cage pckts 

Tke electric-motor tester was rcn at 3000 for one minute in  

the Cryogenics Iabaabryas a checkout of the electrical pavlcr supply system. 

P l w  tests nre mde on the pneimrtlc-bearing loading system. 

pneumatic-hsriw loading encount9red during ttis test are being defined and 
corrected prior to h+_gh speed testing. 

Difficulties in 

Task 1, Page 12 
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Item 1.3 

Item 1.3.0 

A .  

office. 

m c m  SUBSYSTEMS 
IHWCRATION AND TECHNICAL M4NACR4EKp 

NRX-A CESTCN AYI! COMFONENP LWELOPMEKT PROCRAM RWTI;w 

A design review of :he NFX-A reactor was ini t ia ted t o  determine: 

Critical areas in  t h e  present design, 
Possible modes of fa i lure  for  each component or  subassembly, 
Redesign 3r cdrrective a s i m  i f  required, 
Aarhtioral tests required t o  evaluate po8sible modes of 

fa1 lure. 

Preliminary results of the &sign reviev are on file i n  the R W N  

The design review effor t  will continue i n  coordination with UAML. 

Interim documentation m l l  be prepare6 as necessary. 

In conjunction Y. t h  the des i@ review, a review of the conponent 
test program vas conducted te aeterTAne 

Tests required in support af NRX-AI and A2, 
Adequacy of planneci tests, 

Whether test schedules can be utet i n  sufficient t i m e  t o  be 
of value t o  the NRX-A series 

Requimnent for a6ditional tests. 

Preliminary msults of the ccmponent test program revlev are on 
f i le  i n  the €BOB off ice .  

It i s  planned t o  continue tk.s e f fo r t  during the next month i n  
coordination v i th  UANL. 

be to assign pr ior i t ies  t o  each of the tests outlined i n  the UhUS, component 
test program. 

One of the objectivlrs of the continuing effort will 

B. €EV?.EU OF NRS-A SYSTEMS TESTS 

The WANL defini t ’ms and objectives for the pr0poBed nftx-Al, 2, 3, 
and 4 systems tests were reviewed, in conjunction with the deaign r e v i t w ,  to 
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detelaine whether the sequence of individual tests adequately covered the 

obJectlv?s of the Block-I tests. 
t o  determine a more suitable sequence of tests for arriving a t  a reactor 

operation vhich would confirm a suitable engine development design. 

Alternate test objectives vere discussed 

Preliminary results of the test review are on f i le  i n  the REON 
off ice .  
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Item 1.3 .1  NUCLEAR SUESYSTEM 
REACTOR MX3i.4NICAL DESIGN 

A -  NRX-A REACTO!3 

i. Outer Reflector Assemblx 

Deslqn layouts of t h e  m t e r  r e f l ec to r  and control  drum assem- 
bl ies  wert updated and release?. 

Drawings defir,ing a new spring retaining b o l t  and locking 
device, required t a  cer.ter the safety spring, were released for incorporation 
i n  N U - A i .  

Work i s  continuing on instrumentation modificatiorls t o  de ta i led  
pa r t s  of the  NRX-A1 and NRX-A2 reactors .  
drum instrumentation modlficaLions f o r  these reac tors  has been released. 

A l l  information per ta ining t o  control- 

- 
~ ' e s t . ~  conaacted at tns vesdor's p lan t  showed t.hat the first 

set of control-drum ccuplings an6 drive shafts have the capacity t o  absorb the 

specified misalignmect . 
Ar, order has been placed t o  develop "Rbgneforming" techniques 

for dimpling t h e  controi-dFm. housing so that the cont ro l  p l a t e  can be spaced 
more simply. 

addition, "Wgneforming" i s  being i rvest igated a s  a method of sealing and Join- 
ing the bearing-shaf; ex temion t o  tne housing. Samples have been received &-id 

are being strength tested. 

This would te a osCk-2p design t o  t.hs present r ivet-spacers.  In 

2. Inlier Reflect.or 

Detail layouts shoving an i n t eg ra l  aluminum barrel  re ten t ion  
device for  t,he NRX-Al reactor  were ccmpleted an3 detail  drawings of the  detent 
cup and spring were released. 

aluminum, barrel have nor been a l te red  t o  receive these parts pending review 

of thc f e a s i b i l i t s  of addic,;g tne t a b s  t o  the NRX-Al nozzle. 

The drawings of the inner reflector cyl inder  and 

h i a i l  ;ayoutc of the inner reflector cyl inder  area and alu- 
minun bbrrel we= updsted and reieased. 

..') ?ask 1, Page 15 Item 1.3.1 
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A sa t i s fac tory  anti-gall ing coating appears t o  have been 
found for the titanium bo l t s  which fas ten  i n t o  the titanium r e f l e c t o r  support. 

A nickel p l a t i n g ,  applied i n  accordance with the  "Kanigen" process followed by 
a s i l b e r  plate,  works successfully i n  cryogenic and room temperature tests. 

Lov (approximately 15) elongation values were recorded i n  

test velds of the aluminum sugpcrt bar re l  when welded i n  the  T3l condition and 

then aged to ~81. A revised heat treatment was therefore specified calling f o r  
a re-solution treatment of the barrel ,  after a l l  welding, t o  the T42 condition, 
followed by an aging to "62. 

excellent results, with an elongation of approximately 8$. 
Test samples rui through t h i s  treatment have given 

The following study layouts have Seen released: 

a. Screw, Locking Device, Lateral Support 

Vsrious metnods are proposed of preventing the lateral 

support screws from loosening because of vibrations.  One method which appears 
very sa t i s f ac to ry  is t o  crimp a thinned-down portion of the bracket ir.+o scellops 
i n  the head of the screw. Models o f  the more promising devices are being made 
f o r  visual and tes t  evaluation. 

b. Controlled Flow Core Seal 

Tnis layout investigates methods of a x i a l l y  grooving 
the lateral support seal segments f o  provide a controlleci leakage p6st. thf,  scals 

i n  O r d e r  t o  cool the f i l l e r  strips. 
t h a t  the 60$ ratio (of cooled f i l l e r  versus t o t a l  f i l l e r  circumference) might, 
be adequate, proviced that it appl ies  t o  each f i l l e r  s t r i p .  

ing are bebg designed which w i l l  make it possible t o  modify the segmects in- 
houee in accordance with f i n a l  calculations. 

Preliminary thermal ca lcu la t ions  indiLAte 

A f i x t u r e  a n d  tool-  

c. Key, Core Assembly barrel and Inner Reflector Cylinder 

An aluminum locating key is provided on the I D  of the 
aluminum bmrel t o  insure +,he alignment of the coolant hole slots with the 

r e f l e c t o r  cylinder coolant holes. 
aging ard e w e s  a groove i n  the  inner r e f l ec to r  cylinder. 

Md dradnga are in work f o r  t h i s  item. 

The Key i s  r ive ted  t o  the barrel  nfter 
Detail layouts 
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d .  Cylinder, Inner Reflector Repair Study 

Raw material cylinders may contain voids which reqclire 

repair  r’c pluggin3 to  be useful.  
figura+.ions which could be inserke3 orce the defect i s  removed. The advantages 
of each method w i l l  be reviewed, a f t e r  samples a r e  t es ted ,  t o  determine, the 
most adequate design. 
ered individually since i ts  location and s i z e  w i l l  be influencing factors. 

This 1h;judt investigated various plug con- 

Each repair plug or. a cylinder w i l l  have t o  be consid- 

A t en ta t iv5  general repa i r  specification has been 
writ ten.  This specificatior.,  which covers the  procedure t o  be used when repair- 

ing :;-iinders, w i l l  be appl ied  or. &: individual basis after a thorough review 
of each jefecr;. 

3. Core Subassembly 

a. F i l l e r  S t r ip s  

A spec i f ica t ion  chaage has been processed t o  subs t i t u t e  
Armstrong C-7 cement, an epoxy res in ,  i n  place of Duco t o  bond one end of the  
t i l e  t o  the  f i l l e r  s t r i p .  The other end is  s t i l l  bonded by National Carbon 
P-514 cement. 

A d e t a i l  drawing to  modify the  dome end seal f inge r s  
has been released. This revision changes the seal finger angle from 29 to 50’ 
i n  order t o  f a c i l i t a t e  reassemcly of the support p l a t e  t o  an eccentric bundled 
core. 

A mockup of the dome end seal has been completed and a 
mockup of the forward end of a bundled core has kegm. These parts w i l l  be 

used t o  help evaluate possible removal and re - ins ta l la t ion  problems awl the 

general adequacy of the deaifl. 

27 Task 1, Page 17 Item 1.3.1 
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c .  Fuel Elements 

A change i s  being pocessed t o  increase the depth of 

the coating undercut. at the nozzle end cf t h e  e1ement.s i n  all flow t .est.5. 

This change provides a channel which w i l l  help equalize pressures a t  the  e x i t  
end of the elements. 

Drswings have been released defining the elemeRts 

which are required f o r  the  component. test progran: 
element, uncoated natural  urar.ium element, ayd urZuele.3 coated clemett . 

coated na tura l  uran;um 

A l imi ted  fiumher of the unfueled coated elements will 
be incorporated in to  the N h X - U ,  Phase I Vibration and Piugged Core t e s t s  i n  

order t o  evaluate interfaces of costed surfaces. 

d .  Tie Rods  

D i f f i cu l t i e s  i n  upset5ir.c the kea8 and t h r e a d  ends of 

Inconel X-750 t i e  rods have been related t o  la rge  grain s ize  which reslilts 

from the  heat treatment specif i cd .  
t h i s  problem i s  i n  work. 

received f i n e  grained material. 

Specification revision designed t o  p r v e n t  

Concurrently, t ie rod forming has begun on newly- 

e. Support Blocks 

A design change has been processed t o  remove t h e  small 
The blocks f o r  the NFtX-KL, alignment. sleeves from the suppor'; block assembly. 

NRX-A2 and Plugged Core reac tors  w i l l  be coated without the sleeves being 
in s t a l l ed .  

f .  Cluster Assemblies 

The seven irregular f u r l  c lus t e r  assenbly drawings f o r  

t'ne h-E-AZ nave been released, based on the care periphery redesign and on the 
latest d i s t r ibu t ion  of f u e l  loadings. 

g. Cluster P l a t e s  

Sample c l u s t e r  p la tes  were made from several  blarks of 

si:.ver-indium-cadmium (80, 15, ard 5% respect.'vely). This material exhibited 
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very good machinability characteristics and adequate strength f3r this particu- 
lar application. 

Gadoi ini;m-304 s t e t r . 1 . e~~  :tee1 w i l l  be t h e  backup a- 
tcrial. ‘The two vendors for gadolinium Etainless Eteel haw encounteyed 
diffixilty in making heats cf this mterisl of any appreciaole size (over 20 
lb) and . iintaining the required gadolinium content of 0.8 tu 1%; consequent1.y 
investigation is being made of a second alternate Lacbdp mater591 such as Type 
304 stainless steel, with appsxinlately 1% 9-10 added. 

h. Orifice ,’et Assembly Cement 

Tests haJe been completed co evaluate :ix candidate 
cements for bonding of the orifice 2ets int3 the fu - elements. Leak rate tests 
were run, both at room temperature and at temperatures approaching the cryogenic 
range, to determine the sealing characteristics. 
of 
mined. 
exnibited the lowest leak rate, expressed in a ratio of leak pressure/applied 
pressure. 

No tests nave been conducted 
levated temperatures, and :he effects of irradiation have not been deter- 

The best candidate appears to bc7 a cement containing Teflon, which 

j. Instrumentation 

The detail drawing which defines instrumentation 
modification for the Phase I Vibrat.ior, Reactor Core Support Plate was released. 

Drawings of filler strips modified f o r  strain gage 
instrumentation were completed. 

A detail layout for instrumented NRX-A1 inner reflector 
components has been completed. Detail modification drawings for the inner 
reflector cylinder, metal barrel and s3ring support ring have been completed 
and released. 

A ”breadboard” model of the upper nuFport plate, skW- 

ing mounting locations for transducer6 and other instruments, is bzing Used t o  

establieh optimum tracsducer locations. 

29 

~ ~~ 

Task 1, Pa&e 19 Item 1.3.1 

. . . . . . . .  . . . . . . . .  . . . . . . . . .  ? .............. 1 ,  

.. . . .  .___.^__ 
--* 



. *.. .. . .  . . .  

Report No. U560-10-24 

The layout nf the NRX-Al core instrumentation is nearly 

complete. 

For instrumentation routing out of the reactor, the NRX- 
Al vi11 use all nine instrumentation ports, plus tvo which vere not used for 

operating drums. 
tation will now be used for core instrumentatiori requiring special stalk adap%ors. 

One of the ports that has been reserved for shield instrumen- 

Pull tests were d e  on a petting compound for thenno- 
Tests were initiated couple leads at both smbient and cryogeniL temperatures. 

to determine the relative strength or' the potting compound to be used in in- 
stalling the instnutentstion, and to determine the effects of thercnsl contraction 

on the strain gages arid leads. 

4. General 

Work continued on the following special projects: 

a. Effcrt directed tovard keeping weight and balancc cal- 
culations current. 

b. Work designed to establish the Drocedures for adding 

unit moments to IBM printout. 
canter of gravity for each part to the center of gravity for an assembly, which 
will be translated into a reference axis. 

This task will set up a procadure for  translating 

c. 

d. Testing external wrenching bolts, along with the C l a s s  

With minor modif itations 

Initiation of an imtrumented parts list for NRX-A1. 

"A" locking devices, to establish acceptable design. 
to the bolt shoulder and lbcking device cup, the design is acceptable for its 
? itended use. 

the instrumentation stalks, ccAe support ring, and control drum bearing housing. 

Thc report Effect of Tie Rod on the NRX-A Core Lateral Deflec- 
"his is an analysis of the "pivot" effect of 

Tvelve-point zxternal wrenching bolts are being incorporeted on 

- tion, WANL-TME-392, was completed. 
the tie rods on the core deflection during a lateral acceleration. The results 

Task 1, Page 20 Item 1 .3 .1  
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shous that the maximum displacement at the  nozzle end of the core is approxi- 
mately 6 s  (m 0.012-in.) greater when the e f f e c t  of the tie rods art considered. 

Calculations on the  NIiX-A core per5pheral seals indi- 
cate t h a t  the pressure drop i s  cot s u f f i c i e s t  t.0 seat +,hem, assuming they are 
unseated at start-up. These calculat ioas  indicate t h a t  i f  the coefficient of 

frictlori  is 0.2 md t h e  core is et moa tempelgtiu'e, 1'7 ps i  i s  required t o  seat 
an unseated seal. Therefore, since orily 141 ps i  is available at steady sLate 

(qr 5.3 p s i  per seal) the= is r.3 assilrarxe that all of the seals vi11 seat .  
By mxlir 'yirig the design t.0 have a 30 arigle or &.he laseral support plunger pics, 
ail of the  seals can be seated w i n s t  th-. i m e r  r e f l e c t o r  ledge at lorn t e m p r -  
at.ure. - 

0 

An analysis iridicates that the inner r e f l ec to r  hold- 
This vould not only down springs could be desigr-ed t o  exert a larger force.  

reduce the t ens i l e  stress i n  the i r i r  r e f l e e t o r  that 13ay ex i s t  due t o  the radial 
temperature gradient, but d s o  reduce the poss ib i l i t y  t h a t  the inner r e f l e c t o r  
may l i f t  fran the nozzle. 

Stress rep0:t.s on the  fuel elements, t ie rods, dome end 
flange of the outer r e f l ec to r  support s t ructure ,  and pyro tube are i?l process. 

AviLyses &re i n  progress covering the poss ib i l i t y  of 
unseatisg the inner ref lector ,  m.4 the effect of the t ie rods on element separa- 
t ion due t o  the absence of an inlet band. 

5. Miscellsneous 

a. Assembly Stmds  ard Fixtures 

Bundling f i x t u r e  and filler s t r i p  gage designs were 
released. 
support. pressures. 

These devicos will permit bundiing of the  core with simulated lateral 

The measuring fixture desigr. was released. This f ix tu re ,  
i n  conjunctior, with the bundling fixture aad filler s t r i p  gages, w i l l  serve t o  
measure the deviation of the f l l l e r  s t r i p  from a r i g h t  circular cylinder. These 
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deviat ions In t u rn  v i l l  be used as a guide i n  rchiniag the filler s t r i p s  so 

Ut upon ssSealy w i t h  tbc  elemts the core v i l l  be a riat circulu cylinder. 

b. Shippirig Containers 

QualZfication tests of t h e  HFU-A r eac to r  shipping con- 
tainer vere complated by the veldor. 

container satisfies all  of the spect icat ion r e q u i r e r m t s .  

coverage of the test operr t ions was provided. 

conducted v i th  the instrumented d m  reactor i n s t a l l e d  i n  the cm'talner and 

were as follovs: 

The test rrsuits shov that the shipping 

Complete photographic 
The qua l i f i ca t ion  tests vere 

(1) Impact Test 

The container was i n s t a l l e d  on a railroad flat 
c a r  v i th  the n o r m l  t ransportat ion mmtings 8nd t ie-dwns.  !he car vas 

placed i n  notion i n  such a m e r  t h n t  it struck the  forvard coupling of three 

s t a t iona ry  coupled cars  at a veloci ty  of 10 ft/sec, or 7 mph. The transporta- 

t i o n  vehicle  received a rrilcar "humping" load OT equivalent, and t h i s  input 

was attenuated by the  container t a  v i t h i n  the  specif ied values of 2.5 g verti- 
c a l l y  and 1.8 g l a t e r a l l y  - 

(2) Vibration 'kst 

The cantairier and i n s t a l l e d  dunmy reactor vere 

secured on a trailer vehicle and hauled over "rough" road beds. 
by instrumentation records that the  full  range of truck transportat lon fre- 
quencies (1.5 to  7.5 cps) vere a t t t f iw ted  by the container to v i t h i n  the 

spccff icd range of acceptabi l i ty .  

It uas shown 

(3) F la t  Drop Test 

The container,  v i t h  dunrqy reactor ins t a l l ed ,  was 

raised and allowed t o  fall f r e e l y  from a height of s i x  inches t o  a conc:-ote 

surface,  l m d i n g  flat on its base. 
load input t o  the reactor support flange vas at tenuated t o  v i t h i n  the speci- 

f ied range of ecceptabi l i ty  . 

Instrumentation records indicate  tha t  the 
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(4) End i)rOF Test 

The contsizer and insta- led d,--ry r e a c d r  vere 
supportr?d at one end of t h e  base, or  a ail1 piaced at r ight  angles t o  t t e  ski3s 
pnd approximately f ive izches bigii. 

snd all0;red ts drop freely a d i s twxe  of six iriches t o  5 concrete surfact. 

was shacn by instrumentation =cords tha:. tke io& input to the reactor nupwrt 
fl- attenuated t o  wiShin the specified of acceptability. t 

Tne other end of the cints iner  a s  raised 
It 

I 
1 ( 5 )  Leak &st 

1- The seCed container, v i t h  dumrqy reactor instal led,  
was leak tested v i t h  the r e l i e f  &re blocked 9ff .  
ir. conjunction w i t h  stacdard soap solutior, 3echnique. 

ncted. 

A 15 psi8 air test  MS used 
No visible leakage vas 

All of the above tests vere mare severe t'm =IS 

anticipated occu.r?ence during transportation of the reactor. 

(6) Conclusions Derived from Tests 

Based ori these tests and additional t e s t s  whic!i 
are fully described in  the design repcrt  (UANL-'I1w-11?;) it i s  concluded tha t  
the container design ccmpleteiy satisffes all design c r r t e r i a  and special 

requirements. The c o s t a h e r  was delivered to UANL cn Jme X! ,  1963. 

(?j Siippisg P9isor. w i r e  Retention Plate 

kt ii1ir.g vas i n i t i a t ed  oc the design of a seg- 
mented shipping poison v i r e  retention plate which w i ' l  aUau rem-fa1 of the 
plate  through the opening i n  the press- vessel. 
f o r  retenticn of t-he poisorr w i r e s  during cor.t.ro1-drum checkou% and v i l l  serve, 

in  l i e u  of the pEviously considered cadmiua s t r ips ,  as a control drum over- 
ride poison. 

This plate  w i l l  provide 

The piate  must '00 removed pr ior  t o  the ins ta l la t ion  of the noPzle. 

Work coatinued on the developnent of shipping 
poiso;? u i r e s .  

straightness and polyet.hylene coat ir.g fhi5caess. 
Diff icul t ies  were :.:icolirrKereJ i n  a t ta ining the specified 
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6. Reactor ~ylyai c Analysis 

a. Ch~mcteristi:~ of IIRX-A 

%e tr:estlgat.iorr af  tkc d~neaic 
lateral support syst-ems vas cmtiaued k ~ -  tnt prrp.ration 

resonant Md rhock response chvbcteristics of tkc. ;&KOA 

la t e d  

t iated, 

lateral 

An aqdysis of the lAsL core vrrpper cw.cept uas hi- 

and a report on t t e  resor-a?t a?d shcck r e s p n s e  \-haracterist:cs of this 
support system is ir, process. 

b. Core glement htersgmct F 3 w  Anas 

'~ht fie1 clement intertprce g.pr were rtcord~d for a &o 
sector core nine inches long, field in a sixdated rtmcbor late- mppmt ~ s * a z .  

A spot check of the gaps after the core vas sub:tckd :o various b'ibr8tOry load 
levels indicated that the gaps b-re inaffected kx the  vibration. 

Detail d w i n g s  uhicn describe aluminum filler strips 
and siailrted partial elements have been completeu and issued. 
along W t h  rejected grade elements will be used t o  assemble a c3re to be used 

in int-L-rsWce geometry gap studies. 

R n s e  q u t s  

c. Par8met.ric Ifivestigation of Shock Capabilities 

A report describing the parametric investib-tan of 

the shock capsbility of the N W - A  core support system has been mnpletco. 

B. REACTOR SfiIEtD mMICAL D S I C N  

Work continued on the desig!! of the instrumeatation for the aluminum 
s t ? i ~ l d  t e p l ~ ~ e m ~ t  .;?it. P ! ~ f ~ i ~ n s  ==qJii& :A existiie d r * - i ~ ~  \lw~Ui, I 

assenrbl.~, foming) to incorporate the instrumentation am also nearly ccmplete. 

Reported under Item 1.9. 

~~ 
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been fabricated. 

3. A-9 h e 1  Clsstcr Test 

The dctaii ci.rau!nps *:: 2 . ~  fuc: cluster vibration 
have been conplcted m d  pzocurem?nt of the rl$ i u s  been initiated. 
Iwntatjon h8a bee- 3rdtred. 

test rig 
Test instni- 
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I .  &]. Ute- S ~ R p o r t  Swim kchamical Test 

The data !'ram a test of eight  lateml support he l i ca l  spring 
a8renSlies indicate very l i t t l e  9 m g e  in  the relaxed spring length. 
i n  1t-h after 37,OOC qcles  varied from -.a';c$ tc +.5u$. 

"he change 

;; ,. B-2 Iaterial Support Sleek and Insulating Ti le  
Subassemblx Test 

PMricatie.\r of the test r i g  components f?r the current and 
h k - 3 p  lateral support designs has been in i t ia ted .  

6. B-4 Graphite Barrel Test 

Test r ig  mmpo~:ents and instrumentation for the peermeability 
8 ~ ~ 3  b u c k l i q  test of the  -Mite bar re l  have been ordered. 

7.  B-5 Vibrrtion Test of Partial Core 

A rough d r a f t  report of the  properties and behavior of the 
so l id  core mounted i n  the late& support system has been prepared  and the f i n a l  
report w i l l  be completed b)- m i d  July, 1963. 

Vibration tes t ing  of the 9-in. B-4 fuel element lengths sus- 
pended iI? the lateral support system (NRX-A1 single c o i l  springs, k = 98.25 lb / in . )  
has been completed. The experimerAal data  nas been evaluated, and tne  results 

apee  with the theoreti-* analysis and the previous tes ts  of the  so l id  core. 
The core elements did not separate for input vibration leve ls  up to 20 g .  A t  

lw frequencies, impacting of core and inner re f lec tor  was prevented by reducing 
the amp11 tudt.  

Wew springs (k = 1.6 lb/in.)  have now been ins ta l le?  in  the  
The t e a t  set-up. 

n 8 t d  frequency vi11 now be b e l w  5 cps. 
t he  barrel against  the core i n  an attempt to  induce fuel-element separation. 

HiEh Speed motion pictures w i l l  be W e n  of the  core rmtion. 

This set-up simulates the K i w i - B k  lateral support system. 
The test plan includes 3.mpacting of 

Drawings of the new NRX-A1 leaf spring (k = 137 lb/ in . ) ,  

partial, and re lated test fixtures have been completed and released for procure- 
mcnt . 
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The partial length core of & fuel elemnts i n  the h t e d  
support qstem (NRX-Al single c o i l  springs, k = 98.25 lb/in.)  w i l l  be rub- 
jected to shock tes t ing.  These t e s t s  have been s tar ted.  

8. C-2 Support System Test 

h u f a c t u r i n g  and assembly dravings f o r  the lateral load 
test r i g  have been completea. 

Assembly drawings f o r  the hydraulic mer system have been 
completed. A l l  of the components of the system have been received, and 
assembly is in  procesc. 

The design of the deflection messuring instrumentation of the 
core support plate  was completed, and manufacturing dravings haw been released. 

9. D-1 Reflector Segment MechanicaL Tests 

Test D1-1 A t e s t  was conciucted u i th  a titanium bearing on 
No serious galling titanium i n  a hydrogen environment at  -3M°F and +500°F. 

resulted. The coefficient of f r i c t i o n  was found t o  be 0.6. A second test with 
aluminum bearing on titanium w a s  made at 500'F. 
increased wich each cycle, changing from 0.32 t o  1.05 after 6 cycles. 
specimens were stparated without d i f f i cu l ty ;  however, a layer of alminm 
several mils i n  thickness remained welded t o  the titanium surface. 

The coefficient of f r i c t i o n  
The 

Test D1-2 A titanium b o l t  ar,d nut ccmbination was tes ted at 
low and hi$, temperature in  hydrogen gas with no evidence of gall ing.  The nut 
WBE siiplated and the  b o l t  was successively plated with electroless  nickel and, 
e l ec t ro ly t i c  s i lver .  
s i lver )  was cycled t o  f a i lu re  at ambient conditions t o  determine whether 
hydrogen embrittlement resulted from the plat ing process. 
vas consistent with tha t  of unplated specimens. 

Another bo l t  specimen (electroless  nickel on electrolyt ic  

The fatigue l i f e  

Test D1-4 The quick opening t r i p  valve required fo r  s t ep  
input flow in to  the specimen was tes ted and functioned sa t i s f ac to r i ly .  
tes t ing w i l l  start as soon as a high-f lw-rate  pressure regulator is availabl?. 

Specimen 

37 
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10. D-3 C o n t r o l  Drue E m h a t i o n  Testa 

Drauiws sew i s s u e d  s p z l f y i w  t te  c:r%rol-dm. - drl:.e- 

shait torque arasurelllent instrimentat ion and the  dri're-shaft &If  ications 
required t3 accomcdate :he i:~stnmentatior.. Tcrquy masurerents u i l l  be 

accomplished by mans of s t r a i n  w e s  rrc?:ir.ted an a reduced stctroz or' the dri'rt 

shaft. Ignufactiring dravir.ds verc issaed f x  the t es t  s t m d  uticii uili 
support the electro-dynamic shaker f o r  t h e  lateral vibration tests. 

11. %l Reactor Assembly #chemical Tests 

All test f i x t u r e s  for the core assembly test series, including 
mounting bmckets,  have teen  released fo r  procurement. Test f ix tu re s  have been 
received for the adapters, t h e  lateral drive rod, the torsional drive rod, and 
the support ring. 

The complete reactor assembly test series f ixt i i res  are beinq 
detailed. 

M i f i c a t i o n  of the  18 oak Ri3ge core elements for  the Phase I 

Vibration Reactor has been completed and strain-gage instrumentation attachment 
has been s t a r t e d .  

a. Analyticdl Studies 

Simplified analog models have been rur~ f o r  the  lateral 
and tors iona l  core assembly tests along with a shaker  a p a b i l i t y  analysis. 
analog models provide information on displacement and acceleration magnitudes 
which can be expected from the E-1 tests. The results indicate resonance po3nts 
i n  the system occurring from 14 tc 20 cds f o r  h p u t  displacemerit of t h e  inner 
r e f l ec to r  ranging from 0.04 t o  0.8-i1:., peak-to-peak. 

The 

I 
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An acceleration Level or 3.5 g can be impart& t o  t he  core with UL inprt of 
0.2-ia., peak-to-peak. A lO,ooo1lb tor= i o  sufficient to ilpvt whim 
dirplacenent inputs t o  the reactor f rom 5 - 3 0  cpr. Cp8 the C o T r  Is 

e r scn t i a l ly  vibration Isolated. 

AbWe 

I n  the torsional test, S k t i c  f r i c t i o n  is mt enough 

t o  prevent t h t  core froa breaking uny at input fr@fptnCitS belw the system 
natural frequency of 5.6 cpr. 

12. colnw nent Tests 

a. Support Ring Titanium Fatigue Speciacn Tests 

A plot of the number of cycles to frilurc as a f m c t i o n  
of stress amplitude wrs obtalmd ror -320'~ specimen temperature. por 0.3O-in. 

thick spci~lllens, the 8 t n n g t h  In bending MI, 250,oOo p s i  for less than lw 
cycles. 
e f f e c t  on the low cycle fatigue life. For the d r i l l e d  hole pat tern used i n  
these tea ts ,  the stresses were negligible i n  the b i a x i s l  (Istersl) d i r ec t ion  as 
long 8s t h e  deflection w a s  within the elastic range. 

Chunfering the edges of the d r i l l e d  holes in the specimen had l i t t l e  

b. Contra1 Drum Bearing Tests 

Fr ic t ion tests of the  i r radiated poly-imide reteiner 
r ing  specinrens were perfomd, and the results were approximately thk Bame as 
those obthlned with non-irradiated specimens. 

Two control d m  bearings and a r e t a ine r  ring will be 

irradiated i n  the  Plumbrook Reactor. 

1963. 
currently being prepared. 

This test has been scheduled f o r  August, 

The test specification, test rig requirements, and test specimens are 

A test specification for i r r ad ia t ion  tests of the t i e  

rod sssembly i n  the GTR has been issued and the r i g  for performing the tests 
ias been designed. The r i g  will be complete6 and checked out in July, 1963. fi 

! 
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c. m-8 Cooled Support Plate Te6ts 

A fu l l - s ca l e  p l a s t i c  model of the p l a t e  was completcd 
for 8tre~s d def l ec t ion  tests. 
flow tubea, u i t h  flow tubes, and 
the  lover p la t e .  

1 j. 

14. 

spetimens under a 
been completed. 

15-  

Fr ic t ion  Tests - 

Plate  conf igurationo w i l l  be t a s t ed  without 
w i t h  modifications involving cut-oi;t areas in 

Test specimen and test r i g  procurement has been completed. 

Study of bdes cf wcture and Dcfarmation 

I n i t t a l  tests t o  check out t he  pressure vessel for testing 
hydrostat ic  pressure and to c a l i b r a t e  t he  load c e l l  have 

Fatigue Promrtics of 'rT; Gniphite 

I 

The static f l exura l  strength of ATJ Graphite perpendicUar 
t o  the grain averaged 33OC pat .  

1. corr ca8e Structure 

A r eac to r  design has been s t a r t e d  which employs an i n t e r n a l  
m e t a l  core s t ruc tu re  forming a continuous honeycomb extending from the  core 

Outlet end t o  the forwurd end of the shield section. The honeycomb s t ruc tu re  
t r ave r ses  the e n t i r e  sect ion of the core and extends t o  the  periphery. 

vides a continuous shear web which, together with l ight flange s t ruc tu res  at  

t he  forward and aft ends of t he  reactor ,  forms G s t r u c t u r e  with a depth equal 
t o  t h a t  of t he  combined reactor  core and shield assembly. 

It pro- 

The m e t a l  s t ruc tu re  is cooled by the hydrogen propellant af ter  
Axial control leaving the  r e f l e c t o r  ar.d before entering the  core f u e l  elements. 

rads are supported i n  the  s t ruc tu re  and are cooled i n  t h e  same m e r  as i s  the 
core s t r u c t u r e .  
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This p r t i c u l u r  design is modlular; t ha t  i s ,  the honeycomb 
structurc. is fabricated cram indiridual metal nodule tubes whlch are bolted 
together. Thi cow ?ieI elements aye e l u s t e e d  int?  g.WpS bx mans Of 
corrugated mtal containers which accommodate the  d i a l  thermal nowth Of tine 

clusters and fit in to  the module h h s .  Pjro lx t ic  graphite separates the 
corrugatd metal containers from the f u v l  elements and minimizes the heat 
!'I W. t o  t h e  coolarit. 

The radiation shield is a l s o  a modular design. Each of the 
mtal core s t ruc tura l  module tu t e s  accommodates a shield module i n  i t s  fornard 
end. 

An assembly of sprlngs is retained between the shleld module and i ts  associated 
c lus te r  of elements and provides an ax ia l  force which locates the assemblies 
i n  position against ax ia l  6 loads. 

The shield modbles a re  simple assemblies of l i thium hydride capsules. 

This design concept minimizes t h e  use of graphite as st ruc-  
ture and may have a high potential r e l i ab i l i t y .  
pot.ential requims the solution of structural  cooling problems, r a the r  than 
the development of graphite as a s t ruc tura l  material. 

The development of such 

2. Graphite Modular Core Structure 

The latest modular design employs a hexagonal graphite 
module tube which accommodates 19 f u l l  fuel elements. 
peripheral elements and the moduie ere f i l l e d  by s t r i p s  of graphite. 
existing 19-element t rans i t ion  block design has been modified t o  provide a 
hexagonal periphery, which i s  bonded t o  the module. 
u t i l i zed  a t  the out le t  end where the block rests on the bottom support plate.  

The gaps betwten the 

An 

A spherical seal  is 

A metal cap at  the in l e t  end of the module retains the 
elements, metering j e t s ,  and individual axial springs. 

Six modules w i l l  be produced for mechanical t e s t ing ,  three 
from an extruaed g raph i t e  material which hac similar properties t o  ATJ graphite, 
and three from the  newly developed cloth laminate graphite. 
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support pressure. 

The grcphite f i l l e r  s t r i p s  used t o  ccmplete the core 
periphery are cooled ‘by flowing coolant through a s ingle  channel i n  each 

s t r i p  which is more than O.4-in. th ick .  

through the  blind hoies, o r  through channels i n  the  graphite between the 

bottom support p la te  and the nozzle support cone. 

“his zc;c;lant is e:ihaiisted eitiier 

S t ress  analysis i s  essent ia l ly  complete of the sol id  and 
segmented uncooled support p l a t e s  under the core pressure drop load. The 
extreme edge reactions based on s t r e s s  l i m i t s  between 1000 p s i  tension and 

5 i W  ps i  compression have been determined f o r  the  so l id  Plate. The stresses 
i n  the segmented p l a t e  a re  not s ign i f icant ly  higher than i n  the so l id  p l a t e .  
A l imi ted  amount of opening of the jo in t s  under load is premitted. The maxi- 
mum compressive stress i n  the segmented p l a t e  i s  5395 ps i .  The maximum j o i n t  
opening is approximtely one th i rd  of the p la te  thickness f o r  the above reactions. 

The conical sup2ort seat i s  a l s o  being arralyzed. The s: pport 
cone must have suf f ic ien t  f l e x i b i l i t y  t o  ?.onform t o  the p l a t e  when it i s  d is -  
to r ted  by thermal gradients and a l s o  t o  accommodate manufacturing tolerances 

i 

I 

< at the in te r face  while maintalr!ing an acceptable support pressure d is t r ibu t ion .  

4. Forged Support P l a t e  P la s t i c  Model 

The p l a s t i c  model of the forged support p la te  has been 

re-eived and inspected. S t ra in  gage instrumenting of t h e  p l a t e  is nearly 

complete. Adaptation of the low pressure p la te  t e s t  rig has been s ta r ted .  

42 
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5 .  Transition B l a c k  

Two of the prototype t rans i t ion  blocks (one mde of ATJ 

Thzse graphite and the other ZTA) have been coated w i t h  niobiwn carbide. 
blocks, i n  conjunction with a number of small samples coated by US, w i l l  
be used to  evaluate the problems associated k i t h  t rans t t ion  block sliding. 

6. Lateral Support 

Design ef for t  has continued on two grap.?it,r Ang la+.eral 
.upport systems. 

The f i r s t  concept employs interria? and external segmented 
ring6 wedged together i n  ser ies  along the periphery of the core by a single 
assembi," of axial springe a t  the in l e t  end. The applied l , . i d  attenuates as 
it in te rac ts  between subsequent rinqs in  l,he ser ies .  The attenuation can be 

minimized b y  L1sir.g a large applied spring force at  the in l e t  end and ring 
segments having small wedging angles. 

A second arracgement imparts bun6lipg pressure b y  using 
axial springs, located between paris of segmented r h g s ,  which apply a wedging 
action to  mbting segmented rings around the core periphery. This configuration 
u t i l i ze s  an  out le t  end seal  and provides uniform bundling pressure along the 
length of the core. 

The l a t e r a l  support t e s t  hardware desirpl nas been released. 

Thermal Performance of Counterflow Coclq'7 Tie mbes 

Tie- tube thermal enalyses have been ccimpleted f o r  100% an? 
2546 power cases f o r  the core design employing two t i e  tubes per every 12-hex 
element spaces. A large portion (65s)  of the hydrogen flow bypasses the t i e  
tubes and flows di rec t ly  in to  the core, while 35% of the flow makes two passes 
throEgh the t i e  tubes before mixing with the remainder of the flow and enter- 
ing the core. 

7 .  

, 
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' Pressure drop through t ie  tubes 65 Psi 37 p s i  
~ Hydrogen temperature rise 507OR 1393OR 

Mutimum t i e  tube m e t a l  t e e  !%OoR 157O0R 
perature 

mimum t e x p e r a t m  of load 515OR llMoR 
carrying t ie  tube 

Rewrt NG. L05$0-10-?4 

As-Calculated and 
reported i n  last  
)bntfiLJ- Letter - 
diverted through 
the tubes 

45s o f  IIyd. flow 

62 p s i  
565OR 
! m O R  

627% 

! 

1005 Pwer 256 Power 
loogs  OW 255 ~ y a  . Flow 

iiydrogcn entrance conditions ~OO'R, 700 p s i   OR, 220 p s i  

i t  is apparent from the  above data that a reactor incorpor- 
a t ing  this tie-tube cooling system CM be operated at flow rates down t o  25s 
of f u l l  flow without requiring reduction ir. =actor ex i t  gas temperatures. 

8. SealilDg Studies of a modular C o r e  With a Coo led  
Support Plate  

Studies have been in i t i a t ed  on the sealing of a modular core 
mounted on a cooled hot-end support plate.  

the miule both at i t s  seat on the support plate  and at its cold-end attach- 

ment to the alignment plate;  if the modules can be successfully sealed at 
both ends, then breakage of the modules o r  elements during operation cannot 
r e s d t  i n  gross changes in t h e  flow r a t e s  through the elements. 

calculations indicate  that the conceptual design has a very ,mall leakage rate - 
approximately 0.035 of reactor  fluu. However, should a module box and one or 
more elements crack, the calculations f-idicate t h a t  the cold-end seals pass 

su f f i c i en t  hydrogen t o  allow in-leakage i n t o  the module, and serious flow 
depression i n  the upper portions of cracked e l emnt s .  
seal design are continuing. 

The design objective i s  to  seal 

Preliminary 

Attempts t o  r e f ine  t h f s  

Tssk 1, page 3, I t a  1.3.1 

i 



....................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  7 

.. 

i. 

.. 

. .  

* .  

.. 

.. 

.. 

. .  

i.. 

- - - - - - - - - . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  ............... -. - 
\ 

Report No. rX;:60-10-24 

9. Flow t i s t r i b u t i c n  and Presscre Drop i n  the Forged 
Support Plate 

A d i g i t a l  computer progam which solves for t he  flow dist.r:- 
bution i n  t h e  forged suy.port plate  has been 3Xpletea.  
with t h i s  program has been noninal o r i f i c ing  i n  each flow tube. 

drop across the  p la te  f o r  t h i s  case vas k . 6  psi ,  w:th a radial pressure grsdier.t 

of 5.5 ps i  i n  both the uF;er and laver plenum cha-ahero. 
velocity i n  any flow tube occurred i n  t h e  center of the plate,  end vas 18j 
below average. 
the flov tube or i f ices .  
design is made optimum, vi11 have a total  pressure d m p  of between 25 and 3Q 
psi ,  and t n a t  the mininus mass velocit,_v i n  any flow tube w i l l  be within 10% 
of nominal. 

The first CRSC exanlned 
Total pressure 

' he  minimum mss 

Studies are continuing f o r  a preferent ia l  opening of same of 
It appears tha t  the forged plate,  when the hydraulic 

1C. Forged Support Plate TenpemtuR Distribution 

Analysis has conrinued on determination of those nodifications 
of the i'orged support p la te  v t ich  arz n e t e s s q -  for its survival i n  the eccieent 
case where the graphite ana pyrographite i h e r s  have brcken away f r o m  the  gas 

f lov  tubes. The maximum metal temperature can be reduced fran the nrelting t e r  
jerature t o  below 2800% by replacemen: of the regular A-286 tubes w i t h  nickel 
tubes v i t h  t h i r m d  coiner sections. 
m g i n a l  under such conditions-. 
for better protection i*i such ceses is being considered. 

The design can thus  be considered (Lt 

Trie use of a spray coated Zr O2 inner liner 

11. Coolim c f s  :ore 2aKe S+,ructure 

Reifminary steady-state calculatLons on the peak temperature 

d is t r ibu t ion  i n  a core w i t h  Y-shaped control rods housed i n  a metallic grid- 

work ("core cage") have been obtained. 
th rough  the reactor: 
8 second pass betveen the corrugated s t a in l e s s  steel which holds the  fuel 
elements and the scabbsrds, and the t h i rd  mss through the f u e l  elements. 
peak temperatures w e r e  bel@:: llOO*R and bCOoR f o r  the  corrugated stainless steel 
and the scabbards, respectl ieiy.  
mum thickness of thc pyrographite vhich insulates the corrugated stainless steel  
from the f u e l  elements. 

The coolant ficus i n  three passes 
a first pass through scabbards housing the control rods, 

The 

Further stuciies w i l l  be maae t o  determine opti- 

45 1, Page 35 I ta  1.3.1 
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12. Nuclear Desiig. of a Reactor Incorporating a Core Cage 

A ci~oied s t iuc twe  such as the  core cage offers the possi- 
b i l i t y  of u s i m  c o n t m i  r d s  vithia the core itself. 
made of the p@ss?.bilitj- of inccrponrtfon of slrfficient con t ro l  rods to shut 

doun the  core i n  a flckzded condition. 

An i n v e s t w t i o n  vas 

An esti-te has been maje of t b e  amun t  of hafnium control 
mateiial iO.2-in. th ick)  w c e s s a q  t o  ~ C W  a NgRVA type core an effective 

multiplication f a c t o r  of 0.95 when flooded v i th  wjter. 

%WIII cf "Y" stiped control  rods noused i n  a metallic gridwork. 
The material vas i n  t h e  

To obtain a 
eqwl t o  0.35 i n  tne flooded case, the hex c l u s t e r s  (which are surrounded 

This cakulation 
Kerf 
by rods) cancot exceed approximately ?-in. acmss the flats. 

MS w e d  t o  determine the number and size of control  rods for tk conceptual 

design. Seventy-tuo rods w i t h  a blade length of 1-3/* in .  sre used: the use 
of ro6s of l a r g e r  span rni.gfit cut th i s  number i n  ha l f -  

transport cell  calculat ions have been i n i t i a t e d  t o  ver i fy  the vor th  of these 
control  rods. 

Detailed four-group 

Elachine computations vcre made to  determine the rrquired fuel 

loading density for the core csge desigs. 
uniform f u e l  1 d i n . g  dens i t i e s  of 400, 450, aad 500 ~ / C C  for an all stainless 
steel s t ructure ,  and for a s t ruc tu re  where the corrugated f u e l  support is s t a in -  

less, and tne scabbard is aluminum. The values of Kerf i n  an unpoisoned aad un- 
flooded core for the various conditions analyzed are listed belov: 

These calmlat-ions uem nnde for three 

-1 Loaaing I k n s i t y  (lug/ cc 1 
Core Structm8.l Volume k a c t i o n s  - 400 4 5 0 5 0 0  

1.006 1.030 1.0526 
1.012 1.034 IeOS52 

These r e s u l t s  indicate t h a t  for higher f u z l  loading dens i t i e s  

the absorption of t he  s t a i n l e s s  steel becomes less important 1.e. the difference 

i n  Keff f o r  thc two st ructures  becomes smaller f o r  t h e  higher f u e l  loading 

.. 
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d,/witier.  
control ruj design vi11 be higher (opproximtelg 5OG mg/cc) than has been used 
i n  the Kiwi reactor. 

They also intiicate that  the required fue l  loading dens i t ies  of a 

The hydrogen rorth fo- t h i s  core (excluding the reflector, 
upper ..len-s, and tase plate  hydrogen) was found t o  be $2.6, vhich ci-.-es a 
v:.rt per kilogram of bdrogen comparable t o  tha t  calculated for t!!e NRX-A 

des iw .  

This design incorwmtes  large 61-element moci~:l*:z uhich intro- 
duces irregular variations in the  thickness of the beryl l iun re f lec tor .  
irregular beryllium re f l ec to r  MS found to  give large peripheral perturbations 
i n  p e r  uhich vi11 necessitate t n e  use of a complex fue l  zoning system. 

This 

13 Central Island Control Scheme 

The worth ohtained f r o m  a center-island control scheme 
u t i l i z ing  control drums was maljzed for a m V A  type reactor.  
of 2, 3, 4, and 5 in .  radii were placed on the c e n t r a  ax i s  of the reactor. 
each case the  outside core r a d i u s  and f u e l  mixture was held constant. The effec- 

t i v e  multiplication fac tors  for t he  various islands are listed belw. 

Beryllium islands 
I n  

Be Islanci Radius (inches) 0 2 3 4 5 
1.~92 1.091 1.m 1.102 1 . c ~  

A O . 0 5 - i ~ .  thick poison region vas placed aramd the b i n .  
beryllium island, and the chmge i n  reac t iv i ty  was noted. 
poison region the c h a s e  i n  reac t iv i ty  was $2.19; fo r  a E o r a l  poison region 
the change noted vas $18.6, 
with th i s  poison i n  the drum-out posit icn uould reduce these worths; neverthe- 
less, it is apparent t ha t  such a central  island control scheme can amplify 
the present control margin appreciably. 
such e reactor would be less than i n  NRX-A. 

For a pure B-10 

Consideration of the reac t iv i ty  loss associated 

The fue l  inveritory reqJirements f o r  
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T'here has been no a c t i v i t y  on t h i s  proJect. 

G. KnrrB6sllpwRT 

1. Phase 1 - Rraze Developmnt 

Braze Dtvelopment program as related to  bottom plate desigii 

has beem completed. 

For j o in ing  the three d i f f e r e n t  types of j o i n t s  the f o l l w i n g  

parapters have been d c t e d n e d  and demonstrated: 

of brazing a l l o y ,  configuration of braze laaterial ( f o i l  or w i r e ) ,  furnace 
cgcles, brazing temperatures and f ixtur ing.  
f o l l w i n g  completion of fabricated test plates. 

f i t  up of j o i n t ,  selection 

i 
A deta i led  report w i l l  be published 

2. Phase I1 - Application of Developed kthods t o  Hardvare 

Suppliers have been selected and orders placed t o  fu rn i sh  

detail  parts and for f ab r i ca t ion  of t w o  seven hole test p l a t e s .  

T h e m  conductivity test for each heat of r8v materia,  an 
added requiremtnt for the  nickel  castings, is bein3 investigated.  

e-- . 
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Item 1.3.2 HICLFAR SUBSYSTEM 
'REGI#AL m FLUID Fmw DESIGN 

Thermal analyses have been completed t o  establish the local tempera- 
ture distributidn about a ti%-rod hanger within the top supporf plate. The 'pass 

computer program vas used t o  evaluate bot)? the axial and radial temperatures for 
the  tie-rod hanger located in the  center of the core. The maximrun support p l a t e  
temperature, which occurs at the bottoE of the  plate,  uas kJg%. 

The s t a in l e s s  steel l i n e r  (which is placed inside of the pyrographitt 
tubes of the  tie-rod channel t o  contain any flaking of the pytographite) has been ! 

3 

redesigned u i th  a formed s p i r a l  protrusior. which will prevent the t ie  rod from 

coming in close contact v i t h  the  wall. An analysis was performed t o  determint 

the pressure buildup behind the formed stainless  steel liner tube reculting from 
the temperature increase of the entrapped air in the  gap and in the helical de- 

pression between the l i n e r  and the pyrographite tube. 
temperature is raised t o  941% (the a;er&ge operating temperature of the gap f o r  
the centrally located t ie  rod) the  r e s u l t k g  presside is  27 psia. 
the gas is cGoled t o  a?%, resu l t i rg  i n  a pressure of 6 psia. 
conditions appears t o  present a prcblem. 

explosive mixtures of air and hydrogen was investigated aDd found t o  not be a 
problem. 

When the entrapped gas 

A t  start-up 
Neither of these 

In addition, the possible formation of 

The tie-=.od ceEter:ng bcshing, which also acts as an o r i f i c e  f o r  the 
t i e  rod flow, vas selected d a i n g  the  last  period based on component test results. 

hro element placement a r d  o r i f i c ing  documents uere issued covering 
6 U  elements for the  Phase I Vibration core. 

In analyzing the design of the lateral support system for thermal 
and fluid flow s t a b i l i t y  characterist ics,  it is necessary t o  determine the pres- 
sure and flow rate in the gaps between fuel elements in the core assembly. The 
analysis of the inter-element pressure dis t r ibut ion of the core wing 8 32 node 
flow model was completed, and the r e su l t s  were reported in UARL-ZME-368. 
pressure and f lov dist r i5ut ions were found for the  conditions of 1- full power, 

Both 

49 Task 1, Page 39 Item 1.3.2 
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25s fu l l  power, 10 Lb/sec f lou  ki th  ambient hydrogen and no power, and 10 lb/sec 

flow with ambient n i t v g e n  aDd no pwer. 

In all cases the pressure cinc.the flow t o  the core was found t o  be 

r ad ia l ly  inward, which is believed t o  td a principal  requirement f o r  flow sta- 
b i l i t y .  
t o  be 0.014 lb/sec. A more detailed flow model consisting of 390 nodes has been 
set up using the TOSS computer program which can be used t o  represent t h i s  prob- 
lem. The initial results agree v i t h  the results from the 32-node problem. Addi- ! 

t i o n a l  modifications are being made t o  the 3W-node model t o  include the effects 

G f  t h e  filler s t r i p  expansion at the core periphery, the support-bhck clearance, 

For t h e  looqb AiL1-pover m e ,  the tc ta l  inter-elemel f l o v  vas found 

eleecnt undercut at the  exhaust end of the element, and inter-clement gap radial I 
I 

dist r ibut ion.  

B. XATERAL SUPWRT AREA 'MERMAL DESIGN 

P r e l i m i n a r y  investigation on the effec'; of the gap between core 
peripheral  f i l l e r  blocks a t  @ver conditions showed t h e  gap could not be neglected 
i n  the hydraulic model of the multi-seal lateral support system. Thus, modifica- 

t i o n s  of the hydraulic ccde &rtd hpiraulic model, rmd the heat-conduction model on 
Toss were made t o  include th i s  radial f i l ler  block gap (ncminally 2 t o  7 mils). 
In addition, t he  conducion-model mod5 Lieations included of the filler-block- 

seal interface periphery as convective heat-Lansfer surface, such as w i l l  be the 

case with seals that are purposely slo5ted t o  provide t h e  necessary design clear- 
ance. 

p i t ch  of the s l o t s  on the seal is such as t o  provide c. point of radial support on 
every filler block. 

The remaining 409 is i n  conductive contact wi th  the f i l ler  block. The 

Modifications of the prog~hms have been c m l e t e d .  Calculations are 

be- made of the thermal and fluid-flow character is t ics  of the  seai configura- 
t i o n  which uses leakage slots i n  the inner periphery of the seal segments machined 

t o  a depth t o  be hydraulically equivalent t o  the rlontinuous circumferential gap 
of 0.008 inches. 
fect of increasing and decreasing the seal s l o t  &pth from t h i s  nominal design 

In addition, cases are being investigated t o  illustrate the ef- 

case of 0.008 inches. i 
L 
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A parametric ana iys i s  was made t o  determine fuel-element temperature 

gradients due t o  f l u i d  flowing from t h e  per ipheral  f i l l e r  block interface radially 
inward tovard the center of the core. 
leakage into t.he core, t h e  radial inflow at t h e  axial fuel-element hot spot is 
0.00194 lb/sec in.*. 
inch gap between f u e l  elements, and coolant temperature of lOOO% enter ing t h e  

ga;, betbeen f u e l  elements, there is obtained a maximum f u e l  element gradient of 
b 0 R .  

r ad ia l ly  inward. 

Based on t h e  preliminary analysis of t h e  

From the  parametric stcdy and based on t h i s  flow, a 0.905 

The coolant reaches the fuel-element temperature approximately 0.030 inches 

A s i m i l a r  parametric analysis of the temperature gradient of the 
peripheral  elements was performed f o r  a x i a l  flow i n  a gap between per ipheral  

filler blocks of 0.015 inches. 

hydrogen flow f o r  the  f u l l  length of the element and f o r  the 15-mil width (15 
m i l s  is the maximum gap expected in the assembly). 

therefore, give solut ions of t h e r d  gradients for any bulk coolant temperature 
acd any heat-transfer coe f f i c i en t  st %he slrrface of the me1 element. 
are being prepa?ed on t h i s  geometrj using helium as a coolant. 
made t o  correlate  t h e  analysis ar.d t h e  experiments. 

very localized gradients i3 the fuel elements. 

This gap exposes t h e  f u e l  eztment t o  axlal cool 

The results of t h i s  study, 

Experiments 
Attempts w i l l  be 

The analyses t o  date show 

A report  (UANL.-34E-39$) was issued 01: Design Significance of Component 

- Tests. This report  covers t h e  desigrr slgxificarrce of test d a t a  acquired t o  date.  

'Updating of t h e  steady-stace fiill-imwer operating c h a r a c t e r i s t i c s  of 
The the core support r i n g  and r e f l e c t o r  support r i n g  (dome end) were i n i t i a t e d .  

former component was modeled on the llIT conduction ccde. When the problem was 

run on m, the code as received was found t o  be nonoperational. 
f o r t  with LASL was i n i t i a t e d  t o  obtain an operat ional  THT conduction code. 

Coordinated ef- 

A recent change i n  nozzle heat- t ransfer  cha rac t e r i s t i c s  has been 

recommended by AGC. This change increases t h e  nozzle tube e x i t  gas temperature 
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from l.28- t o  l02OF for l i qu id  hydrogen feed a t  f u l l  power. 
to  include t h i s  change i n  the  analysis  and t o  determine its e f f e c t  on reac tor  

componect design and performance. 

Work is proceeding 

The gaseous and cold flow p ro f i l e s  proposed fclr t h e  NRX-Al test w e r e  
The cold flow pro- calculated by the  "T (Thermal and Nuclear Transients) code. 

files simulate powered run pro f i l e s  f o r  core e x i t  gas temperature ramps of 15, 

e;,  50, and 1009;sec. 

gether with the method t o  pred ic t  t he  t rans ien t  cha rac t e r i s t i c s  of  any flow ramp. 

This information enables analyztd lJRx-Al test p ro f i l e s  i n  greater d e t a i l .  

Generalized gaseous cha rac t e r i s t i c s  a r e  determined, t o -  

X re-oriented investigation of NRX-A2 emergency cool-down was 

i n i t i a t e d .  This new e f f o r t  w i l l  include the e f f e c t  of the  l i q u i d  volume stored 

i n  t h e  cold gas mixer and feed l i ne .  The types of emergencies t o  be considered 

are loss of l iqu id  cooiant and scram, rehctor  s c r w  without t h e  l o s s  of coolant, 

and fire, 

made f o r  emergency cooling with gaseous hydrogen from partial power. 

Preliminary ca lcu ia t ions  of the loss of coolant accident have been 

A t r ans i en t  cede aodel of K i w i  B-bA was used t o  ca l cu la t e  the gas-flow 
rates t h a t  were used f o r  the K i w i  B-4A cold-flow test. 
son o f  t h e  code results w i t h  test data is  near completion. 

A repor t  on t h e  compari- 

Efforts  a r e  continuiog t o  modify the  "E code t o  a three-channel 

core model. This code w i l l  be used t o  demonstrate multichannel e f f e c t s  on lami- 
nar flow i n s t a b i l i t y .  

have proved inconclusive . 
A sample problem was been run but t h e  results thus  far 

Work necessary t o  include t h e  aluminum replacement sh i e ld  i n  the  TlJT 

code is  continuing. 

F. TRANSIENT FLOW ANALYSIS AND TEST 

A s e r i e s  of experimental tests using the single-passage aluminum 

heated t e s t  section were completed t h i s  month. 

ou t  with l i qu id  ni t rogen i n  order t h a t  the system sa fe ty  could be checked. 

equipment performed s a t i s f a c t o r i l y ;  however, due t o  t h e  low e l e c t r i c a l  res i s tance  

Other proof tests were ca r r i ed  

The 
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of the metal t e s t  section at  cryogenic temperatures, the  desired levels  of power 
dissipation could not be attained. 
fabricated. 

A higher resistance test section is beinq 

An analyt ical  solution using d i f f e r e n t i a l  equations has been derived 
for transient two-phase heat t ransfer .  The solutions can predict w a l l  and f l u i d  
temperatures as a n'action of time and distance along a r e f l ec to r  channel. R c -  
dieted w a l l  and stream temperatures are  being compared with experimental values. 

The report  on the multiple passage tube investigation has been com- 
pleted. 

G. REAM)oR SOMF'ONENT FLOW AND CCEiROSIOIi STUDIES 
(Included under Item 1.3.5 i n  last month's report)  

1. A-2 Single Element Corrosion an? Flow Tests 

The hydrogen ccxos ion  furnace breakdown, as reported last 
month required re-welding .and machining of the furnace body. After t h i s  work 
was completed, t h e  bodjr was . . fdrostaticaily tested and new internal  parts in- 
stal led.  
prevent the arcing which caused t h e  dauiage. 

during t h i s  period, cleaned wi th  new gaskets, i n s t a l l ed  and re-assembled. 

An insulating material was instal led around the furnace electrodes t o  
The heat exchanger was inspectea 

Since r e - in s t a l l a t ion  of t h e  f'ur?.ace, 14 corrosion tests 
(Nos. 43 thru 55) have been performed, inci-iding cold-flow check-out and ca l i -  
bration tes t s .  Arcing at the upstream (cold e i d )  c h c k  limited the duration of 
t e s t  u n t i l  a new s p l i t  chuck, mechanically clamped t.0 the element, was designed 

and fabricated, 
ment and reduces contact r e s i s t a c e .  
the chuck t o  s l ide  inside a graphite r ing wi th  t e a t  current being transferred 
from the graphite r ing  t o  the s l id ing  chuck by a s e r i e s  of copper p i g t a i l s .  Six 
tests (Nos. 51 thril 55) completed w i t h  t h i s  upstream chuck have shown no arcing. 
Test No. 51, performed at  4500%, was run for  9-min 10 sec, and showed only two 
grams weight loss,  
4200 - 4500% with a weight loss newly  double that which was experienced on 
Test No. 51. 

This modified c5uck maintains gGod contact pressure on the ele- 
Element expansion is provided by allowing 

Runs No. 52, 53 a?d  53B were each t e s t ed  for f i v e  minutes at 

The a x i a l  thermal expansion of the t e s t  elements was estimated t o  

53 Task 1, Page 43 Item 1.3.2 

ii;. ;-; i *  . . . . . .  . a  . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  ....................... 

i 
i 

- ...... . . . . . . .  ___-  ,- . - .. - . - ._ 



. .ii . . . . .  . I  

I .  I , .  
5 I .. I ........ 

Heport Nu. LO; L.0-13-2lb 

be 1 /4  t o  5/16 inch. 
the movemnt of the  element through the furnace viewport during tes t ing.  

The thermal  expansion was determined by visually observing 

Arcing is s t i l l  present a t  the downstream (hot end) chuck, but 

is expected t o  be corrected by a new chuck design based on the experience gained 

with the upstream problem. 

I 

2. A-4 Support Block Flow Tests 

The preliffiinary design of  t he  furnace chucks f o r  mounting the 
De- bottom support blocks i n  the  high temperature t e s t i n g  furnace is complete. 

t a i l  drawings are i n  process. 

3. A-8 Fuel Element Orifice Flow Tests 

Product ion-type fuel-element o r i f i c e s  having nominal diameters 

of 50, 6G, and 70 m i l s  have been examined. 
Taster o r i f i c e s  f o r  the cold-flow t e s t  were selected f.-r each of these s izes .  
The pressure-loss coefficient was - .-Alated f o r  each of t h e  sizes,  and a curve 
of l o s s  coeff ic ient  versus orifice diameter was plc t t e d ,  

dimensional tolerance w 8 s  selected f o r  the l i s t e d  o r i f i ce s .  

Flow experiments were conducted and 
* 

From th is  curve, a 

The prodiict.ion o r i f i c e  t e s t e r  has been evaluted and modified 

t o  increase the sens i t i v i ty .  This was accomplished by changing the s ize  of the 
flow control  (primary) o r i f i ce .  It MS determined t h a t  the maximum s e n s i t i v i t y  
is achieved when nominal diameters a r e  the same f o r  t he  primary o r i f i c e  and the  

o r i f i c e  being tested. 

o r i f i c e s  were converted t o  readings for t h e  production t e s t e r .  

The dimensional tolerances for the  50, 60, and 70 m i l  . 

4. A-10 Fuel Cluster High Temperature T e e  

Layout drawings have been completed for the single-cluster 
corrosion PUFnace, which w i l l  be used t o  t e s t  a complete fuel cluster ,  indudiag 

u. 
A master o r i f i c e  i s  a physically and geometrically perfect o r i f i c e  which w i l l  
give true flow character is t ics  for  t h a t  size. 

L 

I' 
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the  bottom support block, t i e  rod, End associated hardware. The layout drawings 

for  the heat exchanger, which w i l l  cool the hot e x i t  hydrogen gas from t h e  furn- 
ace before f i l t e r i n g ,  have also been completed. 

a re  being prepared. 
both the f'urnace and heat exchanger, have a l s o  been completed. 

Detail drawings of both units 
The layout drawings of the water system, used fo r  cooling 

5. A-11 Flow Induced Vibration Test 

Construction was starter! at. t h e  Waltz M i l l  Test S i t e  t o  f ab r i -  
cate  the hydrogen t e s t ing  f a c i l i t i e s .  
of the test  c e l l ,  control room, process gas storae;e area, roads, and perimeter 
fencing. 
t he  high-pressure gaseom-hydrogen l ines ,  low-pressure nitrogen lines, and t n e  
atmospheric vent system. 

Tke current e f f o r t  will include erect ion 

Specifications were released for  bids for  the piping system, including 

The t e s t - r i g  pressure vessel was ordered, and the vendor design 
drawings and stress calculations have been reviewed. 
mainder of the non-deliverable internal  t e s t  rig components has been completed. 
These items include the sevez-chster  inner ref lector ,  top support r ings,  support 
plate,  and l a t e r a l  support a?d seal system. 

Procurement f o r  the re- 

Procurement of the hydrogen-tes t. -f a c i l i t y  data-acquis i t i on -  
system has been in i t ia ted .  
sure, temperature, ana vibration d a t s  on visual and tape recorders. 

" k e  system w i l l  have a capabili ty of recording pres- 

6. B-3 Lateral LuFpxt arid Seal Tests 

??"e la t .eral  euprort mrl seal ',e$ts consist  of a s e r i e s  of tes t  
models which are  used t o  determine the inaividual component flow cha rac t e r i s t i c s ,  
pressure losses, and coubined effecta sf %he i a t e r a l  sugport and seal system. 
These modols include: 
sure single-seal model, the high-pressure f l a t  multiple-seal model, and the  
single-seal heated graphite model. 

the low-pressure single-seal p l a s t i c  ade l ,  t he  high-pres- 

The single-seal low-pressure p l a s t i c  model, which flows air 
past a single graphite support segment, has ind:.cated tha t  the leakage r a t e  past  
the segment is a function of geometry and appears t o  be coneistent with o r i f i c e  
pressure drop theories. 
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Equipment has been ordered f o r  the  s ingle-seal  hi &-pressure 
model, which w i l l  determine the  high-pressure app l i cab i l i t y  of t he  low-pressure 
tests. 

The design has been completed and t h e  pressure vessel orderca 
This model w i l l  prrmit an evaluation of f o r  the flat multiple-seal t e s t  model. 

the e f f e c t  of many flow resistances i n  ser ies  and p a r a l l e l .  

The design was started f o r  t h e  single heated graphite t e s t  

model. 
leakage, of improved temperature gradients on leakage, and the e f f e c t s  of corro- 
s ion and erosion on heated seals. 

"his model w i l l  study the e f f ec t s  of the  i r f luence of heated seals on 

7. C - 1  Impedence Ring Tests 

A i r  tests have been in i t i a t ed  on a model of the impedence r ings 
f o r  the inner r e f l ec to r  - outer r e f l ec to r  annulus. 

model i s  varied, t h e  corresponding pressure drops recorded, and therefrom pres- 
sure-loss coeff ic ients  are calculated. 

The flow rate through the  

A model of a larger  section of the iaqedence r i n g  f D r  t h e  inner 
r e f l e c t o r  - outer r e f l ec to r  annulus is being constructed. This model i s  similar 

i n  construction t o  the nodel described above, but has a larger  sector  of the  i m -  

pedence ring. 
Cocstruction is continuing 011 t h e  model t o  measure the  loss  

coeff ic ient  f o r  the impedence r ing in  the outer-ref lector  pressure vessel  annulus. 

8.  D-2 Beryllium Reflector Assembly Flow Tests 

Assembly of the flow loop for  hidrogen experiments on the model 
of the beryliium re f l ec to r  assemcdy has been completed. 

t o  cool the hydrogen gas t o  liquid-nitrogen temperature has been received and 
in s t a i i ed .  

The heat exchanger used 

i n s t a i l a t i o n  of the instrumentation is  continuing. 

9. D-4 Flow Tests of Co.itrs1 D r u m  Shaft, and Orifices 

A dra f t  of a memo describing preliminary experiments on a model 
of the  control  drum drive sha f t  has been completed. 
pleted 03 a new model which has a larger  number of pressure pickups and t o t a l  

Fabrication has been com- 
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pressure probes. 

means of measuring the flow dis t r ibu t ion  w i t i i i r !  the model. 

Illstrumentation on t h i s  model w i l l  provide a more accurate 

Procurement of the ccnponcnts far "le scale model of t he  control  
drum, t o  determine t h e  loss coeff ic ients ,  is  continuing. 

-. 
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A. RGACTOR NUCIEAR DESIGN AND RADIATION ANALYSIS 

1. Fuel -ding i n  NRX-A2 

A review was made af the previous se l ec t ion  of design coatrol-  

drm posit ion used i n  f u e l  zoning, and the przvious choice of 130' is being 

maintained. 
operation, since r e a c t i v i t y  w i l l  be shixaed t o  maintain the reactor  cperating 
d m  angles aluays Sess than 130'. 
a drum a drum arale less than 130°, it wou:d not Ix possible t o  ass- that 

operation would alumys be less than the design d m  angle and, consequently, 

overneating of the edge e l e w n t s  vould r e s u l t  i n  addi t ion t o  the generation of 
transverse temperature gradient (as i n  the previous case). 

There w i l l  L-e temperature gradients at the core e x i t  daring 

If the fuel loading should be designed f o r  

A preliminary loading schene f o r  thz outer  zones of the 

NRX-A2 core was derived using IASL measurement of f i s s i o n  d i s t r ibu t ion  i n  the 

ZEXI Bk mockup experiments. 

calcclate  the pover d i s t r i b u t i o n  f o r  the hot NRX-A2 core. 

A standard ana ly t i ca l  method was the-1 used to  

Rased on app l i ca t ion  of the same a n a l y t i c a l  method t o  the ZBPO 

84 mockup described i n  N-2-7686, cormection factors  were developed f o r  the 
difference between theory and experiment, and these were then used :.o adjust tk 

NRX-M calcclat ion power d i s t r i b u t i o n  zsnd loading. 

seven zones frcm the cen t r a l  loading of 417 mg/cc down t o  136 mg/cc a t  the 
periphery. 
zone loading described i n  WLVL-TME-273; as a result, a - ac t iv i ty  loss of about 

$0.7 is incurred. 

The final loaOing ranges in 

The new edge loadir!s  are considerably reduced from the t en ta t ive  

2. Negative Shim Analysis 

Several negative shim d i s t r ibu t ions  were examined f o r  use i n  

NRX-A. 
elements over the cen t r a l  f u e l  loading region increases the r a d i a l  f i s s i o n  dens i ty  

It uas found that a hamogeneous d i s t r ibu t ion  of 50 f u l l y  shimmed urfueled I 

I 

peak by 2.35, reduces r e a c t i v i t y  by $3.7, and s l i g h t l y  increases the control-drum . .  

r-- i 
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span. 
central tone, their vorth is reduced t o  $3.1, but there  is no increase i n  
edge peaking o r  drum span. 

If t* 50 shinned elements are arranged i n  an  annul s at the edge of ttx 

The effect ive resonance integral  used i n  t h i s  study for the 

NIK-A t an ta lum carbide shims =re derived fmm the QUERY code, which implies a 

choice of either the "narrow resonance" (NR) or "narrow resanance, i n f i n i t e  mass 
absorber" (NRIA) apprcximetions. 
using the ?XI code which performs the required integrations expl ic i t ly .  

These results uere verified by check calculations 

3, Methods Developnent 

As a first step i n  the dekeloapent of a ccmpletely programned 
method for  calculating chaMel-by-chamA@l pover factors,  the exis t ing PFC code 
was revised extensively and adapted to  the revised NRX-A core periphery, vhich 
resdted fran the lateral support redesign. 

The use of twa-dimensional calculations exp l i c i t l y  representing 
each fue l  element is being investigated. 

The method by wMch PAX measurements will be used t o  corlPct 
the calculated f i s s ion  d i s t r ibu t ion  is a l s o  under study. 

4. NRX-A Experiments Perfonaed i n  Kivi-B4 !ZEFo 

A preliminary analysis  of the NRX-A f u e l  substi tution experiments, 
t a n t a l m  crrbide shim experiments, and shipping poison vire experimen* vas 

ccmpleted. This preliminary analysis, based an tk best estimttes of paterial 
content of all the experimental equipnen?, indicates that the f u e l  element 
specifications, shim poison, and snipping poison vim specifications are 
adeqmte. More defini t ive analyses, u t i l i z i n g  the results of destructive 
chemical analysis of the carponents, are being undertaken. 

B. SIiIEI3XNG AND RADIATION ANALYSIS 

1. NEN Radiation Analysis 

The 14-0 calculations of gatppa heating f o r  90 points i n  the 
shield ( f l i g h t  type) and r e f l ec to r  regions have been converted i n t o  heating rates 
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separating prompt heating Zrm decay-- heading. Conversion was als3 ac- 

camplished of the heating rates per gram f r o  steel t o  heating rates per gram 
of a l l  other  materials i n  the NRX. 

Neutron and gamma radiat ion levels ten feet from the core center  
vere canputed for NRX vith the aluminum mockup sh ie ld  and with the LIR-SS shield.  

Heating i n  the a r o p l l a n t  t a n k  has been recalculated for both 
the aluuinun mockup shield and I 2 B - S  shield using the TIC-TOC-TOE code. 

2. Methods Development 

The Monte Carlo Program 18-0 vas used t o  generate heating 

rates due t o  core gams rap i n  the unshielded NRX-A assembly. 

t'mt of the t o t a l  &smma onergy started in the  reactor  (16.67 mec per f i s s i o n ) ,  

82$ was absorbed i n  the care, l3.B vas  absorbed i n  other components, and 4.3% 
escaped frac the unshielded NRX-A assembly. 
heating rates and those generated through use of t he  Point Kernel Programs 14-0 

indicate  that the Point Kernel results are higher a t  the core center  by as much 
as 40$. 
graphite l leflector fran ganmm rays originated i n  the r e f l e c t o r  fran a l l  sources. 
These &smma rays increase the heating by abmt 346 Over the hesking caused by 

core gamm rays. Heating rates i n  the Be r e f l e c t o r  f r a n  gamma rays originated 
from neutron capture and i n e l a s t i c  s ca t t e r ing  i n  the Be r e f l ec to r  increase the  

heating rate by 155 and 20$ at the inner and oslter radius of the r e f l e c t o r  

R s u l t s  show 

Comparisons between Monte C a r l o  

Throeh use of the 18-0 code, heating rates were generated i n  the 

respectively. 

C. REACMR CRITICAL TESTS 

1. F a c i l i t x  

Kodifications t o  the building a t  the W A N E '  site, where the 

m=.gtcr zr:tfcal experiiiieiiis viii be coiiiiucted, w i r e  ccmgieted. Xnstaiiation 

and test of f a c i l i t y  equiptent was inmediately i n i t i a t e d .  

t o  the critical-test control-drum-drive scram and shock-absorber device (which 
yrevious testing had indicated was required) have been cmpleted,  and have been 
t e s t e d  successful ly  t o  the design specif icat ions.  
prototype has been completcd. 

The design modifications 

i 
i An e n t i r e  dnm drive mechanism 

c 
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Special  NFH exper-nts were completed a t  tk IASL N-2 area 
I .  

on NRx-A2 fuel, poison vire, and shim reac t iv i ty .  

2. Pre-Asspmbly Experiment, Froof Test Experiment 

Design has been ccmapl?ted f o r  these i tems  t o  be used i n  the 

Pre-Assembly Experinent :  

Shield locating template, 
Shim extractor  tool,  
Fuel storage rack, 
Poison-wire storage rack, 
Work platform f o r  overhead crane, 
Support f o r  flocr undor turning stand. 

Design e f f o r t s  are continuing on the core-suppcrt-plate 

handling f ix tu re  f o r  the pr3of-test  experiment. 

D. REACTOR PHYSICS AN3 M A T i T I C S  

1. Physics 

Work on compilation of cross sec t ion  data was continued 

Work on the non-sepaz’able k ine t i c s  progrcpm continmd. Several 

methods were defined by which the program could be a l t e r e d  t o  save ccfnp-iter 

time. 
An analysis, using a d i g i t a l  ccmputer program, uas i n i t i a t e d  

of vibrations i n  the Kiwi-Bb cold flov test. 

taken during the E4 cold flow test PAVE k e n  made using a V a r e  anelyzer. 
Measurements of the cinema fi lm 

Work has continu5d on a revis ion of the Conditionel Xonte 

Carlo prograpl. A TNR report  on the Conditional Monte Carlo program was 

p r e p r e d .  

2. M t k m t i c s  

a. The USL two-dimensional t ransport  program DIX has been 
=de operational. A series of comparison Froblens have been run. 

_.- 
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b. A ~zcgram t o  calculate the void area i n  the core due t o  

the diarensions and the t w i s t  01 :'ne elements vas begun this  month, and 

c. Work continues on a program which w i l l  record the complete 
history of all fuel e l e w n t s .  
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I t e m  1.3.4 NUCLEAR SUBSYSTEMS REACTOR CONTROL SYSTEM 

Reported under items 1.3.2, 1 . 5 ,  and 2.4. 
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Item 1.3.5 FUEL ELp(ENT FABRICATION A i i  DEVELOPMENT 

A. FUEL ELEMENT FABRICATION 
! 

! 

1. Raw Materials 

Because of un-anticipated low yields and the i n a b i l i t y  t o  

d i r e c t l y  recycle in-house generated scrap, NUMEC w i l l  be unable t o  complete 

t h e i r  order  w i t h  the o r ig ina l  
available but there w i l l  be a 

3M material 

intended t o  be used f o r  W-j 

delay i n  NUMEC shipment. 

&as allocation. 
delay i n  a v a i l a b i l i t y  of beaded p r t i c l e s .  

Edditional gas has been made 

presently being delivered on schedule and 
w i l l  be used t o  f i l l  the gap created by the 

Davidson Chemfcal has been given pemission t o  convert 
gas t o  oxide but has not received apgroval t o  begin conversion of oxide t o  

carbide. To date, t h e i r  progress on t h e  depleted order (which is  serving 

as a qua l i f i ca t ion  f o r  their enriched order) has ;lot been advanced enough 
t o  warrant proceeding w i t h  enriched material. 

2. Process 

Extrusion of fuel elements f o r  NFN-A2 continued, w i t h  a 
t o t a l  of approximately 1800 elements having been extruded t o  date. 
data indicated t h a t  the or iginal  loading point of 446 mg/cc would produce 
elements on the low side of the fue l  element tolerance =we, and therefore  

I n i t h l  

the l a rd ing  has been r e g d j u s t e d  t o  458 t o  r a i se  the overal l  zone loading t o  

a nou-anticipated final l e v e l  of apprcximately 414 mg/cc. 

Leaching loss on the enriched elements has b?en qu i t e  
Coating loss has not becn firmly consis tent ;  the afenrge l o s s  I s  6.1$. 

established. Discrepancies have been found i n  the analytical. procedures 
used for wet analyses. P r io r  r e su i t s  hi& s i iwed 'that 'uie C a t i i a  loss 
m s  appraxinrately 3-l/* w e r e  i n  error, and these losses are believed t o  

be more nearly i n  the  2 t o  2-1/2$ w e .  

i 

Coating developent  of support blocks continued, but  some 
difficult ies were encountered i n  obtaining uniforn costings i n  both t iers  of 

the coating fixture. Adjustments in tempersture and flow appear t o  have 
i 64 Task 1, Fagc 54 Item 1.3.5 
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eliminated the problem, and f i n a l  qual i f icat ion progress runs are presently a 
being in i t ia ted .  i 

I 
3. Inspection 

I '  The eddy current system is  operational; both electronic  i .  

portions and autanat ic  f ixtur ing have been completely checked out. 
eddy current system has been ordered and design has s t a r t ed  on a t h i r d  system 

A second i 
i 
! 

of the type currently used by the Argonne National Laboratory. 

....... . . . .  . . . . . . . . . . . . . .  . . . . .  . . . . . . . . . . . . .  .................... 

Camma counting equipment continues t o  perform s a t i s f a c t o r i l y ,  
and the attenuation curves required t o  compensate for the presence of carbide I 

l ining have been developed. 
bel;?. la-k-scat ter  equipnent appear t o  have been defined; the trouble lying 
largely in the coupling between t h e  light pipe end and the pho-,-multiplier 
tube. 
the construction of additional probes f o r  the beck s c a t t e r  equipment. 

Problems of e r r a t i c  readings and d r i f t  with 

New "Strontium 90" microsphere sources have been ordered t o  f a c i l i t a t e  

4. Equipnent I 
I The second small dual furnace has been act ivated and w i l l  

be used f o r  developnent of coating techniques on cups and finally as a supplement ! 
t o  the  first furnace f o r  block coating. 
is being instal led.  

The new vapor deposition furnace 

B. FUEL ELEMENT PROCESS DEVEL9PMENT AND CONTROL 

Work has been i n i t i a t e d  on a series of experiments designed t o  
increase the efficiency of our mixing operations by reducing the viscosi ty  
of the Varcum 8251 binder. 
i n  more uniform dis t r ibut ion of binder dilring mixing. 
w i l l  be accomplished through additions of dioxane t o  monomer free fu r fu ry l  
alochol. 

The reduction i n  v i scos i ty  is intended t o  resillt 
Variations i n  v i scos i ty  

It has been noted tha t  density measurements made on "as-graphitized" 
elements are not i n  agreement with similar ueasurements -de on the same 

elements i n  the "as-machined" condition. - 0.001 @/cc hi&her density as mchined from end samples, an2 .W 0.02 

p / c c  higher f o r  end-middle-end samples. 

Some t y p i c a l  measurements indicate  

....... __ .--- ___ ........... 
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m e  cause of t h i s  

causes : 

1. Temperature 

sensing of lower temperatures 

i n  lower densi t ies .  

difference has  been a t t r i b u t e d  t o  three possible 

gradients i n  graphi t iz ing which would cause the 

at the extreme ends of f u e l  elements, thus r e su l t i ng  

2. Density samples taken from the ends contain "disturbed" 

material; a r e f l ec t ion  of the manner i n  which the  extrusion was cut t o  

length. 

3. The fornulation of fuel-poor skins on t h e  hex flats and 

arount5 t he  holes. 

me machining operations renove these skins,  presenting material 
of higher f u e l  content i n  an aS-maCh%ed density sample, thus resul t ing i n  
higher composite densit ies.  

The f i rs t  two items l i s ted  above account f o r  end-to-middle 

differences while it i s  believed t h a t  the last item may be the basis of 
t he  difference between the  as-machined and as-graphitized densi t ies .  
make ce r t a in  that densi t ies  a r e  being taken on the  sample most representative 

of the finished element, corrective act ion has been i n i t i a t e d  t o  sample f o r  
dens i t i e s  i n  the as-machined condition. 

To 

Eighty-six unfueled elements were extruded using new extrusion 

d i e  pins i n  a n  atkempt t o  extrude coolant holes t o  s ize .  Twelve of these 

were extruded with the intent ion of s i z i n g  both the  holes and t h e  outside 

hex. 
shows a d i s t r ibu t ion  of t.OOO6 in .  about .0978 mean. 

allowance of .O* - +.OOO5, t h e  re ject ion mte would be 11s. 

A sample of 34 elements representing 1292 hole diameter measurements 

With present tolerance 

A sample of twelve elements measurzd as-graphitized across  flats 
indicated that, f o r  117 measurements, the dimnsions varied between 0.7551 
and 0.7668, or a spread of 0.0017 inch. 

Eight addi t ional  experimental batches are currently i n  the l i n e  

with no data avai lable  a t  t h i s  time. 
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An e f f o i t  has been made t o  eliminate the "hook" which ex i s t s  within 
the first two inches of the un-numbered end of the fue l  element. This hook i s  

a result of the elements standing i n  a ve r t i ca l  posit ion during bake. 

unfueled element was suspended f r o m  t h e  top of the bake f ixture ,  with the bottom 
end hanging free. 
baked according t o  current procedure. 
wi1.1 probably produce an element f ree  f ran the hook currently experienced. 
Th!.s experiment w i l l  be duplicated on fueled material. 

An 

After baking, t h i s  element was compared t o  a similar elemert 
Tfiis test Indicated that  "free suspension" 

C. EvAulATION Aim DEVELOPMENT OF RGACTOR FUEL MATERIAL 

1. Physical Properties 

a. mermal Expansion 

A thermal expansion program was i n i t i a t e d  t o  determine 
the effect  of graphite shrinkage on conventional thermal expansion measurements. 
The revised program may be summarized i n  t h i s  m e r :  

(1) Conventional dilatometer measurements made i n  
helium in both transverse and loncittldlnal directions w e r e  continued on both 
PJeled and unfueled graphite. 
effects .  

Attempts ;.ere made t o  account for  shrinkage 
Shrinkage as a function of time and temperature is being studied. 

( 2 )  A brief  study of thermal expansion was mde 
i n  the ?Iydrogen Corrosim F'aciliry. 

tha t  the thermal expansicn cf the reference fuel m i g h t  be higher than predicted 
by the conventional measurement. 
of marker movements indicEted tha t  the ancnf%lous t h e m 1  expansion e f f ec t s  

were related t o  spurious e f f ec t s  i n  the Test Fac i l i t y ,  and not t o  the graphite 
fuel elements. 

This study was i n i t i a t e d  due t o  concdrn 

MeasJrements made by telescopic observaticns 

( 3 )  The effect  of rapid heating on apparent thermal 

expansion was studied by means of resistance heating samples i n  a device 

equipped with a qial gauge t o  m e a s u r e  sample movement. 
could not be used t o  develop accurate thexmal expansi2n measurements, due t o  
the presence of t5e-l gradients, it prove6 usei'ul In studyine; the r e l a t ive  
effects  of heating rate on the apparent thermal expansion. 

Although the device 

I n i t i a l  longitudinal 

Item 1.3.5 6-r 'Itrek 1, a g e  57 
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thermal expansion measurements made w i t h  t h i s  device indicate tha t  the 

expansion data are es sen t i a l ly  independent a t  heating ra tes  up t o  1900°C. 
Above t h i s  temperature, shrinkage due t o  fu r the r  graphitization makes the 

heating mte s ignif icant .  

b. Mechanical Properties 

The fatigue t e s t ing  phase o f  the program t o  study 
the f e a s i b i l i t y  of proof t e s t i n g  fr-id-length elements by flexure t e s t ing  was 

essen t i a l ly  completed. 

now i n  progress. 
A f i n a l  evaluation of the prcrgran tes t  r e su l t s  is  

Ihe first s e t  of V i b .  1 elements from Oak Ridge 
( Y - 1 2 )  have been tes ted i n  flexure. The r e su i t s  are tabulated below. 

FLEXURE S-GTH OF VIE. 1 ELEMENTS 

No. of No. of Ave Stress  a t  1 u Range 
Type of Element Elements Tested Samples Outer Fiber (psi) b s i )  (psi) 

1-hole 2 12 4916 390 4000-5380 
19-hole 32 96 5090 570 3840 6190 
19-hole (polished) 1 6 5 040 300 451.8 '-'j3-[0 

Three standard 6-1/2 inch long specimens were *ken 

from each element, one frm each end and one frm the center. 
were then broken a t  roan temperature on the standard r i g  using four-point 
loading with a six-inch outer span and a two inch inner span. 
the sampling procedure described r e r e  the 1-hole elemer+s and the specially 

polished element, which were sectioned into six e:qually spaced specimens. 
The average strength, standard deviation, and range of a l l  the elements tes ted 
do not d i f f e r  appreciably fran the data reported previously on bead-loaded 
f u e l  elements. 

These specimens 

Exceptions t o  

It was noted t.hat several specimens which were tes ted 

with t h e  engraved (numbered) face i n  tension broke a t  lower loads ( H 20%). 

It a l s o  seemed apparent that i n  such cases f ractures  tended t o  follow figures 

with long perpendicular paths t o  the extrusion direction, i .e. ,  the numbers 1, 0, 
and 4. 

58 Task 1, Page 58 Item 1.3.5 
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As a fur ther  check of surface preparation or condition 

c.;ffects on strength,  a rod was sectioned and t h e  samples metallographically 
polished on the f lats before tes t ing.  
t o  the  as-received elements, indicated t h a t  minor machining defects cr surface 
flaws donot a f fec t  f lexure strength i n  the same degree as do the  more prominant 
defects produced by engraving. 

"he test  of t h i s  element done s imi la r i ly  

c. X-Ray Studies 

Determinations of NbC l i n e r  s to ich imet ry  by l a t t i c e  
Type 4 coating on element 5-31-37 showed constant measurements were continued. 

a gradual decrease i n  C/Nb r a t i o  from the cold end t o  the hot end. 
observed r a t i o  was 0.94, which is  w e l l  above the requirement that the C/Nb 

r a t i o  be a t  l ea s t  0.90. 

llhe lawest 

d. hydrogen Corrosion Studies 

The t e s t  results of three successflrl tests during t h i s  
period a re  presected below. 

reported previously. 
These data are in  good agreement with s i m i l a r  data 

SUCCLSSFUL HYDROGE3 CORROSION 

(H2 f l o w  = 500 sc f i ,  He flow = 42 scfh)  

Time (min) Weight Loss 
To T max A t  T max (grams> 

Element 
NO - 

2793 630 4050 1.5 9.2 2.0 

2806 577 38no 1.2 5 4.5 

4054* 650 
405 4)") 605 

3540 
3520 

1.7 
1.7 

5 
5 

not m e a s .  
13.0- 

.> - 
,First Test 

Second Test - arc ing  h i l u r e  occurred i n  hot end chuck 
Combined weight loss first and second tests. * 
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e .  Reactar Shutdown Corrosion Studies 

The reaction of F%C powder (325F) which was t r ea t ed  

with dry nitrogen a t  7OO0C f o r  48 hours with a flow rate of 1 l i ter /minute  

shared a weight gain of 3.2 per cent per gram of material. 

weight is about the same as obtained previously a t  55O0F. N b C  costing 
obtained fram the channels of a f u e l  element was t r e a t e d  t i t h  nitrogen. 
The results w e r e  inconclusive because it, appeared t h a t  some of the graphite 

of the element arlhered t o  the NbC, thus masking the results. 

f. Hydrolysis Studies 

This gain i n  

The e f f e c t  of  t h e r m 1  heat treatment a t  temperatures 
of 1800°, 2200°, 2400°, and 2600°C for 1/2 hour upon the  subsequent hydrolysis 

of coated f u e l  p a r t i c l e s  held a t  100°F and 106 r e l a t i v e  humidity, i s  undep 

invest igat ion.  

Preliminary r e su l t s  have been obtained for pyrocarbon 
coated UC2 p a r t i c l e s  fran 3M and NUMEC sources. 

with metallographic and microradiographic observations made previously f o r  

t h e  same p a r t i c l e s  and heat treatments. 

The r e s u l t s  co r re l a t e  w e l l  

g. H i g h  Temperature Behavior of Fuel Elements 

The quant i ta t ive and semi-quantitative evidence of 
uranium migration obtained frm k i n e t i c  s tud ie s  using alpha-counting and 

metallography nave been interpreted i n  terms of a t e n t a t i v e  t h s o r e t i c a l  

model. 

on uranium migration i n  fuel p a r t i c l e s  and fueled graphite is being prepared. 

A report  of recent s tudies  of ti:e e f f e c t  of various heat  treatments 

! 
f Experhnents are i n  progress t o  t e s t  t he  v a l i d i t y  of t he  proposed migration 

mechanisms. 
, 

h. Leaching 

i 

The leaching apparatus is i n  operation. Three run8 
I 

I were =de t o  check out the furnace, t he  HC1 system, and t h e  trapping system L .  

I f o r  UC14 and excess HC1 end CL2. A l l  systems performed satisfkctori ' ly.  I 

Radioact ivi ty  was checked OT: al l  products found '.n the trapping Eysfexr,. "&e 
! 
! apparetus can treat th ree  six-inch sections of a n  clement a t  one time. 

. . ,. 
I ,  . . . I , ..r 
* a .  . . I  
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3 .  Coating Development 

(1) Fuel Pa r t i c l e  Coating 

Preliminary t e s t s  are being made i n  glass apparatus 
t o  determine design data needed t o  construct t w o  high-temperature f iuidized 
bed systems f o r  coating fuel  par t ic les .  
i n  batches of 50-100 grams per run with 
metal carbides. 
coatings. 
experimental studies has been ordered. 
NERVA cpecifications f o r  uncoated pa r t i c l e s  containing nat 1 o r  depleted 
uranium. 

It Is planned t o  coat these p a r t i c l e s  
i ther  pyrolytic carbon o r  refractory 

k w  materials a r e  on hand f o r  producing the desired types of 
A su f f i c i en t  qw,iitity of uncoated UC2 f u e l  pa r t i c l e s  f o r  extended 

This fuel w i l l  conform t o  present 

( 2 )  Fuel Element Coating 

Background infomation I s  being obtained t o  
permit design and construction of a chemical vador deposition system f o r  
coating sect iocs  of fue l  elements internal ly  and e x t e r w l l y .  
to concentrate on Nb': deposition for  the i n i t i a l  studies. 
already e x i s t s  f o r  coating the surfaces of fuel-element sections with pyrolytic 
carbon. Parametric studies w i l i  be conducteZ t o  detennice optimum conditions 
f o r  the coating of internal  element surfaces o r  other geometric shapes. 

It is  planned 
A workable un i t  

k. Fuel-Element Thermal S t r e s s  Zxperiments 

A system has been designed, and is under construction, 

i n  which fuel-element sections w i l l  be subjected t o  radial  thermal s t r e s s  
experbents .  This work i s  t g  be conducted t o  determine the e f f e c t  of cold 
hydrogen leakage on peripheral element surfkces exposed t o  t t i s  gas during 
reactor operstion. mere  is some concern tha t  the therm81 gradient introduced 
between center and surface of the element may i n i t i a t e  f a c t u r e  i n  the element. 
The purpose of tkc experiments w i l l  be t c  determine whether such fracture can 
be i n i t i a t e d  and i f  so, t C  detennrne the beneficial  e f f e c t  which might r e su l t  

from depositing a pyrocarbon coating on the exposed surface. 

I c 
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1. Thermal S t r e s s  Experiments i n  TREAT 

Three preliminary t r ans i en t s  w e r e  xun i n  autoclave i 
CEN-148 at Argonne National Labcratoxy. 
between the :enter channel and an a-wx channel of a 1-1/2 in.  long nexagonal 

me1 sample. 

Rad ia l  temperatves were campsred 

The “f la t - top”  steady-mer t m i e n t  resulted i n  a 
maximum radial temperature dffference of 20-5OoC, as c a n p d  with t h e  

250°C previously calculated, which assumed no heat loss except by rad ia t ion  

frau the surfhce. 

l o s t  by keliwn convection i n  the fuel-element coolant channels ra the r  than 
by nrdiat ion R.am the fue l  surface. ?he 490-h-sec txansient  produced a 
radial “,empenrture difference of 180°C. A naximum gradient of 35OoC WLS 

predicted by a theore t ica l  m o d e l  i n  which the assumption VCLS msde that -ere 
WLS adiaha t ic  heating t o  the same miximum temperature as that of the t r ans i en t ,  

followed by radiative surface cooling of A long equivalent cylinder. 

difference can be accounted f o r  by the  fact  that appreciable heat loss occurred 

frcm! t h e  t w ~  -le ends. 

fue l  h a t i n g  is essent ia l ly  ad iabe t ic ,  and tha t  well. defined tetqexature 
gradients  (and thus 

! 
Appamntly a major portion of the heat generated uas 

Ihe 

h a n s i e n t  tempenrture t r aces  indicate thGt i n i t i a l  

stress l eve l s )  a m  best obtained by short period pulses. 

‘be sample f’rm CEN-146 vas i n t a c t  mid appeared t o  be 

r e l a t i v e l y  u a f f e c t e d  by the tes t ing .  

having melted and there was very l i t t l e  eviiience of carbon vaporiurtion. 
sample weight loss was 0.04s ana there wss essen t i a l ly  no change i n  sample 

dimensions. 

Ihe  NbC l i n i n g  did not show signs of 
‘Ihe 

m e  W-Re thennocouples were undamaged. 

m. GETR Fuel Mateihl I r r ad ia t ion  Experiments 

Ihe Documenc W-IYB-375 Inser t ion  Request Data and 
Hazards Analysis f c r  the H i g h  Tempxature Fuel Irradiation k b ~ 5 ~  R-r!ments,  
Capsule Ser ies  WANL-TT, has been prepared and d is t r ibu ted .  

n. High Temperature In-pile Loop 

A pre l imimry  f e a s i b i l i t y  study of a high temperature 

in-pile t e s t  loop fo r  evaluating NERVA f i e 1  material WBS completed. ?be following 
ters were us ed as a b a s l  s f o r  the  deslm: 
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(1) Fuel - 3-fX long hexagonal element. 

)larjmum paver density - 4 hr /a  . 
%tal heat generation - 400 kw- 

3 

(2) 

(3 )  h a s u r e  - 685 psia (ililet) 

(4) Irladlation tine - up to 30 ainutes. 

(5) lkutron flux - 6 x 10 nv (unperturbed). 

(6) C o o l a n t  - Helim 

consideration). 

Temperature - 4OOoOF (rcxirw in atrix). 

14 

( h e l i u  doped w i t h  hydrogca is also under 

'Lhe prelimimry study demonstnrted the i n i t i a l  feas ib i l i ty  of the high tempera- 
ture dymaic loop and revealed the need for m e r  consideration of the in-pile 
tube, high temperature mterial problems, and heat exchanger design. 

- .... . . . . . . . .  ........... . . ,. . . . .  . . . .  . . . . . .  

, 

! 



. .  . .  . .  . .  . . . . . . . . :*; :: : -. 

Report No. ~ j 6 O - l O - L !  

Item 1.3.6 ggygLoRIgl3T, FABRICATION, PROCURRSNT, XANIJFA- 

A. D g v B u I M  PARTS, FABRICATION M D  P m  

1. celvral 
P m u r e r e n t  e f f o r t  continued for all  r eac to r  assemblies and 

for cmponent testing. 
as noted due to  f ab r i ca t ion  d i f f i c u l t i e s .  

Fo ten t i a l  schedule slippages increased during the month 

2. Shield - 
A simulated sh ie ld  machining order uas placed for NIU-A1, A2 

and A3. =-A3 procurement releases vere issued f o r  the flow scEen,  seal ring, 

seal flange, and r e l a t e d  rniscellaneaus hardware. The NRX-A1 simulated sh ie ld  

forging vas s h i p p d .  

3- Outer Reflector 

The dp-o end sapport rings wen? shipped f o r  t he  outer r e f l e c t o r s  

of NRX-A1 and A2. Simulated outer r e f l e c t o r  sectors  for i n i t i a l  vibrat ion core 

t e s t i n g  of the Phase I Vibration r eac to r  vere shipped. 

4. Inner Reflector 

lateral support seal se-nts of the  inner r e f l e c t o r  were 

completed for NIO(-Al, A2, A3, and component tests, but are held for plunger design 

modification. 
f ab r i ca t ion  proceduzx. 

The d a w  ena seal delivery is delayed by vendor developaent of 

core 

Unloaded core e l e e n t  delivery f o r  Phase I vibrat ion core and 

5 -  - 
associated component t e s t i n g  was accomplished, including replacement by vendor 

of rejected elements. 

Modifications of NRX-A1 core elements to insure a pressure 

r e l i e f  p l e n m  a t  the hot end and fo r  acceptance of instrumentation were described 

t o  the vendor following design release. Modification machining was i n i t i 8 t e d .  

A partial shipnent of ?IRX-Al elements was made. 
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'!!be =dl interface seal assembly order - p l ~ c e d .  

Delivery of p r k  cluster plate raterial for =-A2 and A3 
URS dcUyed dm to vendor i a a b i l i t y  to produce t o  reqwlnrnts .  An order 
k2aced for t k  alternate s k r i a l  ?or mA2.  

Blank orifice jets were delivered. Partial delivery 
of or i f ice  *ts for Icp(-Al received. 

Insulating cups and uashers, RRX-Al, A 2  a d  capownt tests 

vere received. 

1. Poison Rods 

Vibratory c a n p c t  f i l l ing of stainless steel tubing w i t h  boron 
carbide, draving of f i l l e d  tubing to  size, and straightening of proper le-h rads, 
is canplete f o r  i n i t i a l  requireaaents. 
technique vhich uould insure retention of boron carbide. 

protective polyethylene coating is continuing. 
t3 be the preferred method. 

It was necessary t o  develop a brazing 
DeveloEPent of the 

The use of shrink tubing appears 
Procurement of proper size tubing is being fo l lmed .  

2. Tie Rods 

Examination of sample roLs estab1ish.A the need f o r  close control 
of grain size i n  X-750 rav material, and the process specif icat ion b s  been =vised. 

Solution treating and aging shrinlrages have beer; 

mmufacturing dimensions. The supplier has proces. 3 25 specification-grade f u l l -  
length t i e  rods tbt are now i n  heat treat. 

'ned and integrated i n t o  

3. Orifices 

Partial s h i p n t  of each of 12 d i f f e ren t  size o r i f i c e s  have 
been received, total ing approximately 33,000 pieces. Selection of master or i f i ce s  
and tolerance bands is continuing, and three sizes (.OS0 - ,060 - .WO) have 

been selected. 
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4. F'abrication of 2219 A 1  Material for Application on Core Barrel 
and Dap Bud Seal 

A Bethod of resolut ion heat t r e a t i n g  t o  T-42 bas been developed 

f o r  both core barrel and d a e  end seal, including both tk fusion and resistance 
welds. 

and the  seal. 
dirensioml changes during aging am being investigated. 

k s i s t a n c e  uelding p r o c e d m s  have been developed for both the barrel 

Hydraulic resizing of both &and barrel is under develo-nt, and 

Fabrication of Nickel Alloys f o r  Application on Nozzle End 
Seal and Sprinq 

5 .  - 
C o m c t i o n  f ac to r s  and fabricat ion methods are being developed 

t o  compensate f o r  d-nsional changes of Inconel 718 during aging and T I G  welding 

techniques vhich have been determined for the Inconel 718 nozzle seal and Inconel-X 

seal spring. 

6. F'abrication of Flov Screen 

A s intered screen was selected t o  facilitate spinning the  screen 

A method of s i n t e r i n g  the required i n t o  a dane without a l t e r i n g  the mesh pattern.  
39-in.-wide screen vas developed by wrapping the screen on an Inconel mandrel 
as a sandwich, with a slave sheet painted w i t h  "Stop-Off". 

is cycled by adjusting the conveyer speed so that the at tached thermocouple 
readings match the standard s in t e r ing  cycle. 
ment, such as spinning and brazing, are complete. 

Control Drum - 6061~-6 Aluminum 

Electron beam welding techniques are being developed for the 

The continuous furnace 

A l l  other items of process develop- 

7. 

tubes-to-end cap weld. 

has been demonstrated. 

Tentatively, a need f o r  both filler wire and weld "pmp'' 

Magnetic forming techniques f o r  mechanical joining of the tube 

t o  t-he cap j o h t  is under investigation, and sampies are being prepared. 
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C. RBACPOR m u ,  PACKAGIJ% AND sIIIPPINc 

T b  rrecessary assembly stands, f i x t u n s  and tooling are available, 
and tht Rtactor Assembly Iaboratory has c m n c e d  operstions. 
process outlines for tk Phase I vibration reactor heve been mit ten .  
of elements for this reactor 5s nearly complete. 

NRX-AL and NiU-A2 xeectors %re being set i n  final fom. 

Reactor-assably 
Orificing 

"le proctss outliaes for the 

Crit ical i ty  procedures for the Reactor Assembly A r e a  are being 
established. These procedures w i l l  be used duriag the asse!mbly of tk =-A1 
reactor as a f inal  check prior to use during the assembly of t b  FIRltd2 mactor. 

The necessary efforts  vere completed for the scheduled test run by 
railroad to NRDS of: a reactor shipping container v i t h  a dunny load. The rail- 

rood cars, the container (inner and outer), and the dumy load, were instxum?nted. 

. .  
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There vas no activity on this project. 

78 Task I, Page 68 Item 1.3.7 

.. ... . 
. a  ... . . . . I  . .  . .  . .. , . ... r . . .  r .  . ., , . ... . .  .. .. 0 . .  . 
." . 

L '  ' .  

i 



. . . . . . .  . . . .  . -  . .  . .  . 0 . .  

Report No. ~560-10-24 

I t e m  1.3.8 D E v E T B m  TgMl PUNNING AND ANAUSIS 

A. CEMWAL 

Preparation of the NRK-A2 Test Plan and the HRI(41 'hst Specification 

it continuing. 

Revision 1 of the =-A1 Test Specification was suhritted for prelld-nary 

UANL-W-bl, NRX-A1 Specifications tor a Cinematograp hic System, 

revlev. 

TV System, and IilWnating System, was caaapleted. 

The preliminary start-up of the mixing chamber at tbe Nevada Site vas 

vltnessed. Tentative run profiles for NRX-A1 were reviewed v i t h  site personnel. 

B. NRDS, TE3F OPERATIONS 

On-the-job training of both technicians and engiacering pcrsonrrel 
bas continued, and Test Cell A indoctrination courses were initiated. 

The mixing chamber instalution at the new =actor purge line, and 

the actuator installation for ACV-3 were caapleted. 

The design for Test Cell A shed modification uas canple'kd, and work 
continued on the design of Test Cell A ruclear instlzmrentation s y s t e m  modification, 
and preparation of a proLosal for modification of the Control Point console. 

C. NUCIEAR SuBSYSTB4 ASSBMBI;Y, DISASSWBLY, AND POST OPERATIVE @PICRATIONS 
AT NRDS AND IASL 

A preliminary EtovER/NRDs R-MAI) schediile was prepared. 

The post-operational examination section of the aperation support plan was 

submitted . 
Review of Tee% Car Assembly Manual is in progress. 

On-the-job training of both technicians and engineers continued. 
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Item 1.3.9 REACTOR WODgfs AND MOCKUPS 

The ccmpleted NIO(-A instrunentation mockup 2f the  previous (November, 
1962) design was disassembled. 
l r s t r s n t a t i o n  only. 

of l n s tnacn ta t lon .  

This U O C ~ U F  contained pressure and temperature 
Photographs were made during disassembly t o  show d e t a i l s  

The follavlng mockups and models have been campleted: 

1. Instrummtation s t a lk  sea l  assembly f o r  design and test evaluation. 

2. Instmm?ntatlon s ta lk  assembly braze plugs fo r  pressure t e s t ing  
of seal assembly. 

3. Control-drum poison plate and spacers of advanced concept f o r  

fabr icat ion test study. 

4. 
+lation mockup. 

Instrunentation and pressure probe hold-down s t raps  f o r  i n s t m n -  

5. 

6. 

Locking devices f o r  design and test evaluation. 

Support blocks f o r  coating development and test evaluation. 

7. Seal segments f o r  reactor mockups and design evaluation. 

8. Mockup of core support plate, core support ring, and dame-end 
outer-ref lector  support ring f o r  development of instrumentationlayout f o r  NRX-A1. 

9. A m d e l  of a regular cluster  plus a number of fu l l - s ca l e  regular 
clusters yere assembl@d t o  assist i n  determining the f e a s i b i l i t y  of elimicating 
the aligrnnent sleeves i n  the c lus t e r  assembly. 

10. Mockup of a section of the lateral support block assembly 
used f o r  t e s t i n g  and design evaluation. 

The following models or mocklps are i n  process: 

1. Irregular fue l  c lus t e r  assemblies f o r  core periphery assembly 
and design evaluation. 

2. Core fi l lor s t r i p s  for design evaluation and assembly checkout 

mockup. 
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3. .&tailed model of outer r e f l ec to r  support rings, sector, and 

control  d r ~ ~  sodel t o  be 12  inches long and fabricated of plexiglass and alminum 
f o r  design - . r l - s t i o n  tind presentation. 

4. 
on ins  t rmentat ion mockup. 

Simulated suppcrt  r e t a ine r s  for  design evaluation and i n s t a l l a t i o n  

5. Instrumented support r e t a ine r s  f o r  desfga evaluation and i n s t a l l a t i o n  

on NRX-A1 mockup. 

6. Non-fueled graphite elements f o r  assembly checkout mockup. 

7. Reactor canponents f o r  NRX-A1 assembly checkoht mockup. 

8. Inner r e f l e c t o r  and core support p l a t e  f o r  instrumentation mockup. 

9. Prototype too l s  and devices fo r  bundling of the core, assembly 
of seal s e p e n t s ,  f i l l e r  strips and lateral support springs. 
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Item 1.4 THRUST CHAMBER ASSPIALY (=A) 

The most important problem currently experienced i n  t h i s  subtaslc 
concerns the qual i ty  of t he  nozzle aluminum jacket; tha t  is, the lack of ade- 

quate t e n s i l e  s t r eng th  and elongatic,rl properties following heat treatment 
d f  the cast  jacket.  
was made by Aerojet t o  SNW-W and SNFQ-C personnel a t  Vashington. 

t o  this  meeting, a NERVA nozzle t a s k  force was formed i n  order t o  expedite 

resolution of these fabricat ion problems, and t o  obtain sa t i s f ac to ry  nozzles 
f o r  t he  NRX-A and th rus t  chamber assembly eomponent development test programs. 

T h i s  t ask  force w i l l  devote full-tirne e f f m t  t o  achieve s o h t i o n  of' a l l  

nozzle fabr icat ion problems. 

h r i n g  t h i s  report  period, a presentation on t h i s  subject 

Subsequent 

A f e a s i b i l i t y  study f o r  cryogenic sea l  t e s t i n g  i n  support of the 
NRX-A program was i n i t i a t e d .  

A rubber water bag and wooden c o l l a r  t o  take up the pressure vessel  
i n t e r n a l  volume during helium leakage t e s t s  a t  ambient temperature of t h e  

metal l ic  seal was designed and released f o r  fabrication. 

fo r  these tests has been wri t ten.  
The specif icat ion 

The f irst  set of pressure-vessel metall ic s ea l s  was inspected a t  
These seals must tht l i  be lead plated p r io r  Marquardt, Van N u y s ,  California.  

t o  completion of fabr icat ion.  

The preliminary design of the low frequency drive u n i t  and the f i n a l  
design of t.he pressure-vessel tool ing and a i r  bag were completed f o r  t h e  TCA 

dynamic t e s t .  
continued. 

were received and fabricat ion was i n i t i a t e d .  

Dynamic analyses i n  support of the  TCA dynamic t e s t  program were 
Materials f o r  the  mass core simulator f o r  the TCA dynamic test 

B. NOZZLES AND EXPENSIONS 

1. Heated-Bleed Nozzles 

a. NERVA Nozzle SIN OOLN 
This nozzle is a t  Howard Foundry fo r  casting, and w i l l  

be c a s t  after pat terns  a r e  completed. 
32 Task 1, Page 72 Item 1.4 
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b. Reactor Back-up Nozzles SN/OOU and S/N 002L ! 

t 

Reactor back-up nozzle SIN O O l L  is ready for casting. 

Due t o  t h e  known low d u c t i l i t y  of t he  aluminum jacket  ! 

on reactor back-up nozzle S/N 002L, the nozzle was prepared for f i r i n g  by 
wrapping it wi th  high-strength glass tape, bonded with an epoxy resin.  

glass wrapping was intended t o  r e s t r a in  the c a s t  aluminum jacket of t he  nozsle 
against  failures lndwed by t h e m 1  stresses .  
t o  the as-cast surface of the nozzle, and was oriented along planes n o m 1  t o  
the  nozzle axis.  
vessel  flange were not wrapped because of the d i f f i c u l t y  I n  re taining the  glass 
tape i n  these narrow areas. 

inch a t  the nozzle-pretsure vessel  flange, t o  about four inches a t  the throat. 

The 

The wrapping was applied d i r e c t l y  

The manifold a t  the nozzle e x i t  and the nozzle-pressure 

The wrapping varied i n  thickness from about one 

The f a n - i n c h  thickness a t  the throat was caused by 
i n i t i a t i o n  of build-up a t  t h i s  point, tapering back t o  the flange area, and 

was not primarily a s t r e s s  requirement. 

One W2/IH2 simulation hot f i r i n g  of the glass-wrapped 

reactor backup nozzle was then conducted. 
baffles and copper face plates,  was used f o r  t h i s  test. 
used i n  the Kiwi-B S/N O O l l K  nozzle t e s t .  

t o  obtain nozzle tube bundle heat-transfer data and t o  evaluate the g l a s s  
wrapping r e s t r a i n t .  

Injector  S/N 1482, having cooled 
This in j ec to r  was also 

The objectives of t h e  test  were I 

: 

Total f i r i n g  duration was s l i g h t l y  less than 8 seconds, 
a s  predicted, and the t e s t  was completed with no apparent incident. However, 
inspection of the nozzle after the t e s t  reveal& t h a t  the nozzle - pressure 
vessel  flange was cracked bebqeen bol t  holes along the  bo l t - c i r c l e  diameter f o r  
about 90' of a rc .  
t r aces  of accelerometer, vsl.re, and yzeosure e t  about 0.47 seconds before ehut- 
down f i r e  switch. This was fur ther  substantiated by movie f i lm  recorda 6hWing 
a puff of  vapor from the flange area a t  about the  same time. 
these events signify the crscking of the flange. 
damaged othervise. 

dimensionally inspected. 

The t e s t  records showed tha t  a perturbation occurred i n  the  

It is believed that 
The nozzle was apparently not 

A complete X-ray survey w i l l  be maie, and the nozzle will be 
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'?he in jec tor ,  S/N 1482, was found t o  have eroded i n  

the outer channels followrng the cest .  It i s  believed that t h i s  erosion was 
caused by inscff ic ien? cooling at the low flow ra t e s  ana ve ioc i t ies  i n  the 

oxidizer channels Therefore, other in jec tor  pa t te rns  w i l l  be evaluate2 t o  
produc? higher veloc i t ies  i n  the  cooling channels and through the  in jec t ion  

o r i f  1 ces . 
2. NRX-A Nozzles 

Due t o  t.he reqiiirement f o r  camera and l i gh t  por t s  i n  the 

N R X - A 1  (ccld flov) nozzleJ S/N OOno010 hot-bleed nozzle was diverted t o  the  
NRX-k reactor  nozzle progran!. 
( i n  one port)  were c z t  i n t o  the  tube bundle. 

coolant flow around t h e  p J r t s ,  were welded t o  the tube bi\ndle. The tubes were 
swcigeci t o  obtain thc p r q e r  j o i n t  clearance and the  nozzle m s  brazed. 

Three holes f o r  two l igh t s  and rnovie/TV cameras 
The manifolds, which provide 

A Kintel  2 O G l - 1 1 ,  "C" lens mount, ';elevision camera was 

selected t o  meet thc s :ze  inn qua l i ty  o f  picture  requirements. The Milliicerl 

DBM 5A, 200-400 fps  movie camera was -,elected on t h e  bais  of film positioning, 
loading capabili ty,  End physical dimensions. 
were se lec ted .  

Color-Tran, LEX-38, lamp housings 

The cas t  ahrmnum jacket on NFN-A nozzle S/N 0000004 was X-ray 
inspected ari9 presared for  heat t r e a t  

Nozzle S/N 0000005 i s  ready f o r  ccisting the jacket .  

The vlre inter locks were brazed t o  nozzle S/N 0000006. 

h r i n g  this report  period it  was found that there  was inadeqiuabe 
weld penetratioo i n  the  j:.!nt between the nozzle coolant tube and the  cas t  tube 

adapter 'hbes f o r  f i ve  nozzles a t  LEP plant of Aerojet, S/N 0000004, 0000005, 

0300006, GOOOOO7, OOOOG10, and tubes yet t o  be deliverei: from the  vendor, may 

alsG have inadequate weld penetration i n  t h i s  j c  i n t .  This can only be deter- 

nuced by sectioning each t.ub? assembly. 
was i n i t i a t e d .  Pending the  outcone of t h i s  inves t igo t im,  the tubes a t  the  
vendor s plant w i l l  be repairer. by cut t ing the  adepters off and welding new 
adapters on the  tubes Three of the  above f ive  nozzles a t  Aerojet LRP (S/N 

lnvestigatiori of causes of the  probiem 

- 
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0000004, OOOOOO5, 0000006) a re  brazed and have been proof tested t o  1040 pig. 
These tubes are  being reinforced by TIC brazirg.  
(S/N OOOOOO7 and 0000010) a - e  not brazed, and w i l l  be weld repaired. 

The other two nozzles 

3.  Hot-Bleed Nozzles 

Assembly an& d e t a i i  drawings of the nozzle and hot-bleed port 

have been completed. 
flow rates,  and mixtiire r a t i o  f o r  simulation of the ?ort a t  reaztor  conditions. 
The f i n a l  report  is neing prepare" ft,; cnt  s i x  hot-b1ee.l port  f i r i n g s  conducted 
earlier in  t h i s  contikct year which ubilized tn? Ti tan modifled XLR87 hardware. 
The fir8t hot bleed nozzle, S/N OOO?OlC, was delivered t o  the MU(-A program t o  
be used as  the  cold-flow (camera and l i g h t  port)  rlo&zle, see Mscussicn above, 
paragraph B-2. 

Analyses continued i n  defermination o f  chamber pressure, 

4. Adapters 

a .  Test Stand-Kozzle Water Cooled Adapters 

A l l  parts fo- the  s k i r t  CIiffuser a re  OF order; tool ing 
has been ordered and w i l l  a r ive on schedule. 
adapter were released on a l l  f i n a l  assen3ly contponents. 
analyses, a flange heating study, ar.d a hydraulic analysis were continued. 

Drawings on %he sk i r t -d i f fuser  
m a n i c  and stress 

b. Nozzle-Inje:t~r Adapters 

Adapter S/N C O N  xzs completed and assembled with the  
S/N 002L nozzle t e s t  assembly. 

Adapter S/N OOLN was completed. 
discovered during the proof and leak t c s t s  between the aluminum jacket and t he  
adapter t o  injector  +lange. 

However, LrL:  were 

The leaks -11 be repaired. 

The tube and chamber of Pdqto:' S/N O W K  were p n o f  and 

leak tes ted t o  determine i f  any leakage aroulid the  aiurrlnum jack& occurred as 
in  adapter S/N 001N. No leakage was found. 

Adaptei S/N 002N i s  ready f o r  i n s t a l l a t ion  of the uver- 
board dump torus .  

- -.- - 
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Adapter S/N OO3N has completed the first braze cycle 

and is p resen tu  v l i t i n g  f o r  rework of hydro tooling for proof and l e a k  testing 
af the  tube bundle. 

5 .  Injectors S/N 0241, 0242, 0260 

Injector  S/N 0241 v i t h  steel face p la t e s  is 90$ completed. 
This i n j ec to r  was converted t o  have copper face p l s t e s  and was ready for 
d r i l l i n g  of the o r i f i c e  pattern.  

inJectors S/N 0242 .nd Om have bem in i t i s ted ;  these injectoxs are 

c o q l e t e d .  

Instal la t ion of all weldable components f o r  

Dm-ings Yere mado t o  convert t h e  steel face in j ec to r  S/N 241 
t o  coppcr face plates and copper baffles. 

t.o the Eeneml cmfiguration of injector  S/X 1482, ufi' rch was used on the  Kiwi B 
S/N C O X  and or the reactor back-u? nozzle S/N 002L tests. 

These drawings convert the i n j e c t o r  

I Q e c t o r  S/N 0112 (which had been m o d i f i e d  t o  inccrporate RL 

o r i f i c e  pattern having a uniform mixture r a t i o  d i s t r ibu t ion  across the  face of 
the inject.-- ! vas t.ested. 

- a t h  ' ike m-like double rows o f  impinging o r i f i c e  pairs f o r  both the fuel and 

oxfr'izer pattern. Fost-fire inspection revealed severe in j ec to r  face p l a t e  
erosion -ri the  outermost channels. Since t h i s  is  the second t i m e  s t a i n l e s s  
s t e e l  face p l s t e s  have eroded, t he  in j ec to r  development program has been =- 
opened for additional tes t ing .  

This injector  emplay;tc s ta inless-s teel  face 

6. Extension 

The heut-transfer report on the nozzle s k i r t  is 808 complete. 
The final desi@! report has been dnlayed due t o  +he redesign of part of the  

skirt assembly: i .e. ,  the i n i t i a l  reicforcing rings w e r e  shown t o  be inadequate 
and have since been redesigned v i t h  a larger cross-sect imal  area. 

Redesign was I n i t i a t e d  of the lower t h rus t  s t ructure  assembly S/N 
KX?9031 f o r  use i n  the i n i t i a l  phases of t he  TPA test; fabr icat ion is complete, 

ana the  un i t  i s  being prepared for s t a t i c  s t ruc tu ra l  tes t ing.  
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bver thrust  s t ructure  dravlngs were ~ v i e v e d  f o r  produciblUty and 

the cbawings are being changed accordingly. 

---ut u 8 s  canpleted of the electrical coanectm mouating I- 
for. upper thrust  s t ructure  S/N ~ 0 0 0 0 8  t o  be used i n  the -. 

Due t o  a design change an the g~abal support housing irom a rrclded 
piece t d  me mchinec: fraz a single block of nretal, fmbrication caarpletion dates 

must be revised for the  th rus t  structures using the improved gimbal support 
hous i ngs 

Fabricat im continued of the d a w  actuators far the  thrust. 

structure resonance survey and the TCA dymmc test, and of the fairings for 
t h e  gimbal support housings t o  be used i n  the "PA test, TCA -c test, and 
C F D S  sssecMy. 

Dynamic analyses are continuing, and all t co l ing  and instrumentation 

i 
I 

has been c q l e t e a  f x  the resaimnce survey of thrust s t ructure  assembly 

S/N 0000001. 
mentation assembly has beer. checked Out and calibrated. 

Tie reaction mass baseplate t i s  been instal led,  and the instru- 

The t e s t  s p e c i f i c a t i m  has been issued for the static s t r u c t u r a l  
test of the lover thrust st ructure  S;N i.030001 and bgs been corqletei: for 
a sizular  test of the upper thrust s tnrcture .  
ments irere made of both the upper and lover thrust s t ructures  i n  preparation for 
the static s t ructural  t e s t s  

hmcnsional (as-bullt)  mca8u.m~- 

Designing of the final items of test tool ing for 
the thrust structure static tests  was csnpleted, and the &?sign ua6 releascd 
f3r fabrication. 

Fabrication of the f o i l ~ v l n g  thrust-structure test tool ing ltcplp was 

cmpleted : 

Test Fixture Gimbal Loading Fixtures 
Gimbal Simulator G i m b a l  Actuator Sup?ort Loading Fixtures 
Pressrue Veael Clasure c-9 h S S U m  VeSOel C l 0 8 W  t o  

Simlat or Inwr Thrust Structure 

Stress analysis of the RIFT j o i n t  vas completed. A l l  aralyacr of 
t h e  thrust structure ar.d gimbal have been revised t 9  reflect current design 
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c r i t e r i a  and structural i a d s .  Predicted s t r a i n s ,  mtatims, and defAcLtioas 

f3r the lower t h rus t  s t ruc tu re  tests were made. 

D. P M S S ! !  MSSBL 

NRX-.L prpssure vessel, ~ / i i  OOOOOW, was s a t i s f a c t o r i l y  hydro- 
rested. 

Analysis of p r e l i a n a x y  data fmn t h i s  rest vas i n i t i a t e d .  Rt- 
lifinary e v a l u a t i m  indicates %hat the  :est uas successful i n  satiswng its 
three p r i q  abjectives of 

Cemonszrating t h e  a b i l i t y  3f the pressure vessel  t o  vithstand 
rami temperature prmf pressure 
Providing infarmt ix i  on flange deflect ions an& ro t s t ions  
and stresses i n  areas computed t a  have mini- mrgins of 
sa fe ty  

b u m s t r a t i n g  the a b i l i t y  2:' the struc';;ual nozzle diameter, 
S/Ii C o C W l S .  t o  u i t h s t a n i  a proof pressure. 

The pressure vessel  m s  t en t a t ive ly  accepted by the Material Reviev Boar& 
Hovever, final acceptance is withheld pending successful repair by the vedor 
of through -11 leaks i n  tvo clc~sure instrumentation prts as indicated by the 

l i q u d  penetrant inspect i m .  

The test specificatim fo r  the  hydr-statx pressure test of the 

ti:aniuq NERVA pressure vessel,  S/N COW,  uas publishti .  
for the hydrostatic pressure test o f  S/N OOlT was completed. 

A l l  tool ing required 

Tooling requu-ec for applying an a x i a l  tension load of 81,500 lb  to 
t h e  S/N 301T pressure vessel  uas designed, and drawings uere sent a t  Cor fhbri-  

c a t i m  cast estirmtes. The SIN O O ~ T  pressure vessel  was tnstrumented i n  prepara- 
t i o n  for t he  hydrostatic pressure tes:. 

Fabncat.ion of c r i t i c a l i t y  pnzssure vessel SIN OOOOOO1 uas completed 
and 16 ready f o r  shipment. 

€;h?cat.ion of pressure vessels S/N 0000003 and S/N tMOOOO4 I s  In 

r losures  for both assemblies are k i n g  machined, and g i r t h  weld Rc. 1 process. 

on the  cylinder of S/N 0000003 has beeu completed. 
1s awaiting machining Jf a d d i t i  mal. instrumentation holes for temperature and 

pressure taps. 

The cylinder for S/le 0000002 
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TIE shear l i p  of s t r u c t u r a l  nozzle S/N OOOOOO1 was d f i e d  t o  
i .  wrrdi aating with the titanium pressure vessel, md an "0" ring groom WS 

mchined i n t 3  the nozzle face flange. .. E- KIWI-B NOZZLE S/!l OOlK ! 

I n v e s t i e t i o n  continued of the Gn-B S/N OOUC nozzle ?mil- during 
I. 

s i m l a t i o n  test f i r i n g .  The prim suspected muse for this failure is a 

c m b i n a t i m  of tknm!. s h x k  stmsses and g e m e t r i c a l  discont inui t ies  i n  tbe 

brittle lov stresses, due t z  i n t e r n :  pressure, vhich exceeded the fracture 
st rength of the trrterial. 
Jacket tc have an average elongation of 1 ;.k 

The mechanical propertles evaluatim indicated. the  

I 

F. ROLLmmL- 
1 

TUS e f f x t  i s  being cielqvec u n t i l  Contract Year 1964. i 
1 G. HYBRTD NOZZIES S/N 00s AND S/H ! 

Hybrid nozzle S/N Xlfi vas shzpped :c fJ,ovard Foundry, Chicago, for 
casting t 

The t h e m s p r a y  an hybrid nozzle 3:s 302H was xewved, and t h e  Rozzle 

was hydrotested and held i n  readiness f o r  cast ing pending select ion of tbt vendor. 

H. ALlWQW'E N a 2 Z K  IEsICN 

Stress aneiyses of the  "U-'Iube" nozzle for chemical sillarlation and 
=actor f i r i n g  condition6 are 73% compietei. 

One '%-tube" nozzle fxgirq  is being rtachined a t  IkrquaAt, Ogden, 
The machine for Utah, and Aerojet is sciredule t o  receive a forging in July. 

mchining gmoves in the formng was shipped t o  Aerojet LXP fim the krojtt 
h e y  plant .  
assembled v i t h  end c l o s m s .  
and leak tests, and then t o  failure. 

A "U-tube" nozzle brazing test sample vas c q l e t e d  and vi11 be 
The :est sample w i l l  then be subJected to proof 

The flnal report of the NESWI hydrostat'c *-est is in gublication. 

- 
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K. A P P L I E D W H  

During t h i s  report period, tests uere completed on the react ion 

of graphite n t k  X2-CI2 conbustian praiucts, and analysis of the data vas 

cmtinged. 

(MR = 6 ? ,  high chamber-pressure &:a, as the nozzle required rewrk after 

each test du5 ta b c a l  yielding of t he  *tal. 

caqAe t ing  the tests, the conpletion of the ana lys i s  a? the data [Milestone 
1L) has been rescheciuled f a r  t h e  1st of August .  

Xlj f f i c u l t y  bas experienced in obtaining t h e  high mix5we-retio 

Because of the delay i n  

F a b r i c a 5 m  of the test ha-niware fJr the nozLe hot-gas heat- 

t r a n s f e r  tests vas complete&. 

Fabr i ca t im  of the hardvare for the b o t t m  support plate tests is  

5% complete- 

Work on correist ion of tne l iquid tqdmgen heat t r ans fe r  data 

'r'8s csntinued. 

L h i - A  P R O P E W  IKlcI LINES 

The internally rest ra ined bellows were cadereti. A design l a p u t  of a 

propellant i n l e t  l i n e  for the Rocketdyne Rh'-6 nozzle interface vas i n i t i a t e d .  

Cost estirrrrtes frm outsi3e vendors yere obtained f a r  fabr icat ion of t h i s  l ine .  

Stress an\? ::eet-tmnsfer analyses f o r  the abwe  l i n e s  were i n i t i a t e d .  

M. NRX-A BOZZLE C m  AND L1Cfi.S 

As stated above i n  paragraph B,3, t h e  IJRX-Al nozzle is being modified 
i3 inelude three ports; 2 ports f o r  one ligh: each, and 1 port for both TV and 

m n e  cameras 

was seen i n  t h e  I(1m-W cola-flcv-test  movies, including more of the COE center 
area. 
h f f u s i o n  piates rill be used t o  provide the desired l ight ing e f f ec t s .  

*andous for  che camra  ana lights a111 be purged t n t h  GI$ during ambient flow 

c-nditions, and GHe un6er cryogenic flow conditions, t o  eliminate fogging. It 
is not knc-m how valuable the addition of a TV camera will be t o  the  cold-flow 
experiment. 

the 'TV camera vendor, it was shown that for vibrations between frequencies of 

The camras nl1 be positioned t o  view more of t h e  core face than 

The lights in11 be positioned t o  give a "stereo-type" light effect. 

The 

However, base3 on vibrat ion tests run at the San Mego f a c i l i t y  of 
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20 t o  8 and 32 to 58 cycles per seconc? a t  1/8-i3. amplitude, initial 
displacements of a box secured t o  the table could be visually observed on 
the TV scree,  It was thus shown that there exists sane combination of irc- 
quency and amplitude of vibration thst yields a dead-hand area on t& TV 
screen at both the video scan rate and some harmonic of the video tcan rate. 
I t  is believed however, that the use of a TV can%?ra Vi11 supplemtnt tbt 
instxumentation in determining possible core vibration conditions in  f'uture 

i. 

i. 

.. reactor cold f l o v t e s t s .  
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I t e m  1.5 ENGINE CONTROLS 

A. CONfR3L SYSTEn ANALYSIS 

The engine s ta r t -cp  t rans ien ts  ( reported i n  sub-subtask Item 

1 . l . c )  vere examined closely f r o m  the  ircntrol system point  of view. 
is undenray t o  modify the  engine controls  t.0 produce faster and sharper start- 
~p t ransienzs,  therebx improving control  e f fec t iveness  and engine eff ic iency.  

Effor t  

Planning is continuing on methods of t i e i n g  the  cool-down model i n  

v i t h  the  pover range model. I t  vi11 be possible,  v i t h  the  integrated model 

envisioned, ‘10 nin the  entire engine operating sequence at one time. This 

ic tegrs ted  model vi11 includ? tvo-phase flow aqd t.he best heat- l ransfer  and 

pressam-drop correlaTiona, ncd vi11 be used with the  cold-flow test resuits t o  

check che overa l l  simulst ion sc=uracy. 

b i l i t y  i n  order t o  properly check out ?he engine programer.  

IT i s  necessary to  achieve this- capa- 

The d y n w c  analysis  of she m-!. cont ro l  system is  continuing. 

The balsrice of cornpcnent in form+ ion required for  the  s teady-state  analysis 

of the  GNz Cool-down Syst.em i,narnely, vslve equatiofis and c h a r a c t e r i s t i c  curves 
f o r  non-linear valves) have been received 

t 3  determine pressure-drop ranges of individual zomponents i n  t.he l i qu id  l i n e  of 
t h e  mixikg system t o  the  brscch sh.r,-off valve down stream from the  mixing 
secrioa 

to restrict. the  curve of stcmizer presswe drops as funct ions of flow rate t o  a 
reascnsble var ia t ion bsrA. 

Steady-state ca lcu la t ions  were made 

C n l a l a t i o n s  liere =de zf The a t m i r e r  flow area combinations required 

\ 

8 :  REACTOR CONTROL SfSXM D S I G Y  

Fabricatior. drawl..qs ef rhe NF(X react.or control  system have been 

complet.ed with f ah r i c s t  ion well ir, progress. 

item (the i t i G i V i t i i i a 1  i1~ i i l i i  : : ~ i i i r ~ ~ e r  --it) rsqiiirsd f ~ i .  itie 

op-.-stion of NRX-A1 is complete, including r+he Tes t  C e l l  “A” integmtion wiring 

d i a g r m  and the  operat ion and inssa l la t ion  msnuel. 
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A modified Schmltt Trigger has been designcd u t i l i t i w  a XbvOlt 

dc cupply, and h s  been proven operational under a temperature environment of 
24 t o  -55OC. k i f %  i n  switching point and hysteresis  have been PliniHAzed by 
incorporating a signal input impedance t o  the Schmitt Trigger in the oqer Of 
lo00 ohms. 

The r e s u l t s  of the analog computer progmrn on the KIVi-Sh control  
system, which was run i n  b y ,  indicated a stable  operation f o r  the =-A reac- 
t o r  i n  the power ranges between 1 and locyC. 
i n  the ref lector  model and the NRX core model. 
cludes the latest changes and is i n  process on the computer. 

t ions are that the previous r e su l t s  obtained i n  Igy 8re s t i l l  va l id .  

Improvements have been i n c o r p r a t e d  
The revised aralog problem in- 

Present indica- 

A computer model of a gas mixing chamber is king developed. The 

chamber is t o  he supplied bj LASL t o  provide single-phase cryogenic temperature 
gas f o r  the NRX-A tests. The 
gas-mixing model, vhen combined wi th  the feed-system model, w i l l  duplicate the 

conditions W L  is using et the Test S i t e  t o  t e s t  the mixing chamber. 

The model is now on the computer for debugging. 

1. TPCV Actuator and Drive Anplifiers 

Bendix M e 1  RT-BL, TPCV Actuator S/10 9 and Drive Amplifier 

SiN 5, were shipped f r o m  FlECM t o  LiU’ f o r  integreted actuator-valve development 
tesc 

Fabrlcation vas i n  progress at on the  test conso3n 

and cables for t h e  August 1963 TPCV actuatcr  radiation test. 

FBbrication vas i n i t i a t ed  at Ra)30 on a hot valve simul.tOr 

t o  be used in  thermal t e s t s  on the TPCV actuator at the REa a C t w k t O r  at the 

REON actuator t e s t  stand. 
- 

Modification and instrumenistion of the RRXl actuator t e s t  

stand was started in preparation for the T X V  actuator thermal t e s t s .  

....... . . . . .  . . . . . . . . . . . . .  .................. 
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A proposal was received from General Elec t r ic  on a piston 
type TPCV ac tua tor .  
after reviel: snS negot i a t ion  with General Electr!' c. 

Wing the  month of July a contract i s  expecteu t o  be l e t  

Delivery of t h e  TPCL Actuator Model NT-B4, S/N 10, was made 
by Sendix t.0 REON oxi 28 June 1965. 
scheduled f o r  radiation tes t ing ,  thermocouples were in s t a l l ed  a t  four  locations 
within the actuator.  

Because t h i s  actuation subsystem is 

A TPCV torque motor (Midwesterr. M e 1  39-3) was subjected t o  
v ibra t ion  t e s t ing  at  Bendix. 
but performance (including resonance ; was cc,miderea satisfactory i n  all planes, 

over the NERVA engine opersticg frequency spectrum at inputs of between 5 and 

The t e s t  revealed resonances at several frequencies, 

1c g.  

The rrsults of the May rsdiatim test  on TPCV ac tua tor  and 
?he torque amplifier components a r e  iiscussej. i R  5endix Report 863-h-1493R. 

motor exhibited a permanent s h i f t  i n  +ne positive d i rec t ion  at t h e  end of the 
tes t .  

Tce reedback potentiometer, .Narkire tyFe 8036, showed a decrease i n  t o t a l  resis- 
tance after i r rad ia t ion .  

A pcst radiation inspection may provide an evplanation f o r  t h i s  effect. 

However, the l i nea r i ty  remained within 21.05. 
Engineering 3et .s i ls  re ls t ive t o  :.he contracts f o r  the desi@. 

ar,i fabr ica t ion  of s i x  second-generation prototype electro-pneumatic actuators 
have beer. completed . 

The f i n a l  report (WANL-T?JR-112) was released f o r  dis t r ibu t ion  
during ch is  report  period. 

Work is continuing or! t.he design of test  f ix tu re s  and special 

test equipment which w i l l  be employed for ?.he actuator component testing. 

Fa"-- u1 ; L r a b i " & J ,  - I C . A -  UDDCIUYAy .-.--.--k-T an9 checkoiit of t h e  test aaseiii::as 

haw been completed. 
of the  sc tua tor  subassemblies at. Fort Worth, Texas. 

The test equipment vi11 be eitlployed i n  the rad ia t ion  t e s t s  

i i 
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Hydraulic subassemblies were evaluated at the supplier 's  plant 
and are being assembled with other actuator  parts at the ACF'I plant. 
of the cor-.  L~ actuator asseiablies i s  expected t o  be conducted i n  the first 

Testing 

half Of J d y .  

Testing, i n s t a l l a t ion  and 'checkout procedures f o r  the Mu[-A 1 

hydraulic actuators were reviewed for the t e s t ing  a t  ACFI ,  and for the installa- 
tion and checkout a t  NTS. 

D. SYSTEnAJdPUFIWS 

The f i r s t  s e t  of experimental s y s t e m  emplifiers, u t i l i z i n g  sheet 
The PSA snd TSA preamplifiers were metal c x t a i n e r s ,  was shipped by ikndix. 

tested for l i nea r i ty ,  gain, and null s h i f t  w d e r  -175 t o  +125OC temperature 
environment with l i n e  voltage and frequency var ia t ion of 216. 

Linearity remains within 3.35% f o r  t e s t  conditions, but gain and 
n u l l  s h i f t  varied b$ under extreme temperature. 

E. PROCWMMZR AND REMX3 ENGINE CONTROL 

The wiring diagram for  the Ground Test Pmgrannner portion of the 

Remote b g i n e  Control System Simulation has been in i t i a t ed .  
cuitry will be w3ded t o  t h i s  diagram as the design requirements are defined. 

Milfunction cir- 

A preliminary functional diagram of the Cold-Elow Developaent Test 
Coordination meting6 with System controls and sequencing h a s  been completed. 

A N - L W  test personnel and f a c i l i t y  inspection are planned t o  assure final 
establishment of design requirements f o r  the CFDl!S engiir? sequencer. 

F. ENGINE HARNESS 

Rough d r a f t s  of the anticipated harness schematics end harness de- 
sign requirements were completed f o r  the E-Engine by LRP i n  the month of June. 

A thermal analysis was also cmpleted of a quartz insulated cable 
for the E Engine, and the r e su l t s  irill be published next month. 
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The capabi l i ty  of the core material t o  transmit radial load 
outward from the des t ruc t  charge t o  the pressure vessel  i s  a f a c t o r  which would 

v i t a l l y  a f f e c t  the performsnce of the  Mark D/J ACDS. 

conducted t o  obtain a c c q s r i s o n  of the load transmission propert ies  of so l id  
graphi te  rcds an3 texagonal graphite rods with a B-1 hole pa t te rn  (simuaated 
K i w i  B-L pr0ducT.s were not ava i lab le) .  
assessing the aegrec t o  which s teel  cylinders would be deformed by explosively 

A tes t  w a ~  therefore  

This comparison w a s  obtained by 

generated rods transmitted through seperate c l u s t e r s  of each type of rod. 
Mild steel cylinders 6-in.-I.D. by 6-in. with w a l l  thickness of O.25-h. 
wclr- A L ~ ~ ~  W L ~ L I  c ~ r e  eiemnts of m e  or the other of the atove mentioned 

types, and a 5/8-in. diameter Composition B explosive charge was positioned 

i n  the  center  of the c lus t e r .  

I 
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Ieem 1.6 DESTRUCT SYSTEM 

A. BASIC FRAGMENTATION RESEARCH 

There were no major t e s t s  conducted i n  s tudies  of e i t h e r  material 

correlat ion or f rac ture  mechanism, since a number of the addi t ions1 tes ts  

plamed i n  these areas are awaiting the r ece ip t  of more realistic SFE rue1 

element material. 
. Experbments were conducted, as pa r t  of the fragmentation research 

program, t o  provide an addi t iona l  basis f o r  performing an analysis t o  evaluate 

the adequateness and fu r the r  u t i l i t y  of the fu l l - sca le  simulated t a rge t s  
current ly  being used i n  ACDS and PODS concept tests.  

It i s  known tha t  t.he performance of tie various ACDS and PODS 

des t ruc t  system concepts i s  grea t ly  affected by the reactor  design. 
it i s  extremely important not  only t o  provide as accurate a simulated t a rge t  
as possibie,  but a l s o  t o  carefu l ly  consider the  construction and materials of 

the simulated NERVA engine t a rge t s  i n  evaluation of the t e s t  r e su l t s .  

Therefore, 

1. k r k  D/J A C E  

! '  
I 

i i  
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After detonation of the explosive charge, the damage Nntour 
of the deformed cylinders was measured, and the energy of deformation obtained 
by a nUmer:.:z1 integration of the conventional stress-strain curves along the 
length of the cylinder. 
hexagonal rads with Kiwi B-1 hole pattern was 1.33, inaicating the greater load 
transmission capabllity of the sclid round rod. 
transmission ratio would be greater if 3/4-in. round rods were compared with 
Kiwi B-4 elements, since the B-4 element is more fragile, and has more than 
twice the void volume because of the greater number of coolant holes. 

l’he deformation-energy ratio of the solid rods to the 

It is anticfpated that the load 

In addition to the core material, the anslysis also considered 
the effect of the pressure-vessel component of the simulated targets, since this 
component is an important factor f o r  consideration of concepts which appl$ their 
explosive energy from an internal or L~ external point of attack. 
of the h r k  D/J ACDS, it would be necessary to rupture the pressure vessel by 
the action involved in the radial movement of core materials and detonation 
products in order to permit adequate dispersion of the ccre material. 

In the case 

^* 

Tests performed %o date have employed simulated pressure 
vessels made frcm 1-1/8 in. thick 6061-0 aluminum and 6061-~6 aluminum in both 
1-1/8- and 0.8-in. thicknesses. The NERVA pressure vessel is currently speci- 
fied as 60614% aluminum of 0.67 in. thickness. Rat’ 3: vere derived fcr the 
energy required to rupture the actual pressure ves . A I  cnpared wi2h the 
energy required to rupture t h e  sfn#”Lated prr  ss;’re : : - 2 ‘  R tbe thicknesses 
and hardnesses specified above. 

These calculations indicated that t:i . . pressure vessel 
-’he .-upture energy would be easier to rupture thar! anv zf the simulsn%s u* 

ratio of the pressure vessel Kith a wall thickness of C.67-h. to ths sirmilated 
pressure vessel of 1-1/8 in. thick 6061-0 aluminum, was shtwn to be 0.46. When 
compared to simulants used from T-6 aluminum of 1-1/8 in. and 0.8 In. thick- 
nesses, the ratios were 0.59 and 0.83 respectively. From a consideration of 
the inter-relationship of the energy ratio required to rupture the pressure 
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vessel  and t h e  capabi l i ty  of the  core material  t o  transmit the  explosively 
generated energy, i t  i s  possibie t o  a r r ive  at new r a t i o s  which take both of 

f1 3se fact@:-:, i n t o  account, and represent approximat ions -: the  r e l b t i v e  

energy required.  These ten ta t ive  values vzulcl ind ica te  t h a t  dispers ion of the 
NERVA r eac to r  would require  . . ,S iE  

thick simulated pressure vessel and z U L i d  round core rods, but  more energy than 
the  t w g e c s  using 0.8 i n -  thick ; j r e s s ~ r e  vessels and rourd core rods. riowever, 

fu tu re  tes ts  with K i w i  E-4 core mteriil might ind ica te  tha t  the  energy t rans-  

mission cha rac t e r i s t i c s  of -5Ls mterin L are such tha‘; destruct’on and disper- 
sion of the reac tor  core would r - ’ q u : , d  Fore energy thw. tha t  required f o r  des: 

t ruc t ion  ard dispersion of a simuiated engine t a rge t  using the  1-1/8 i n .  ‘Ai& 

aluminum pTessure vessel .  

losive energy than t a rge t s  using the  1-1/43 i n .  

This analysis  serves t o  emphasize the  need f o r  K i w i  B-4 
material i n  su f f i c i en t  quantity tc conduct - ;es t s  vhich wou1.d provide a com- 

par ison of t he  
round graphi te  reds used i n  The simyilated engine t a rge t s .  

>ad transmission capabi l i ty  of t h e  B-4 material with the so l id  

2. Mark .4 ACnS 

Ir. the  case of t he  Malark A ACDS concepts, t he  load trans- 

mission proper t ies  of the core material  would not be m j o r  f ac to r s  f o r  concern 

since l a rge  preFsure-vessel rupture loads would not be required.  The pressure- 
vesse l  material i t s e l f  would have only a minor e f t e c t  on l i n e a r  shape6 charge 

s ize .  Tne ove ra l l  e f f ec t  of che magnesium s i m l a t e d  r e f l ec to r  segments on 
dasign changes which might af”ect, t,he cooling chan’nel spacing would be t o  

cnmge the  s ize  of the  l i n e a r  shsped charges which provide the required deep 
Fenetrs t ion i n t o  the  core mat.erial. 

1% is felt t ha t  the a r k  A ACDS conoept requires  o r ly  light 
cut t.ing by the  linear shaped charges. Consequently; their s i ~ e  should vary 
only s l i g h t l y  when the system i s  deF:gned f o r  the destruct  of the  &-tiid NERVA 

engine. 

- 
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Hodever, the load tr:nsmission properties of the core are of 

some impcrfancr: with tne use of t h i s  concept, since i t  is anticipated that the  
internal  s l lv !qTt  cylinder W O L ~  r t : t  be cut by the l i n e a r  shaped charges. 
lire t o  rupture t h i s  in te rna l  support cylinder would e f fec t ive ly  reduce the 
dispersion of the core material, unless some significant increase were made i n  
the size af the dtlayed a f t  entry dispersal  shaped charges i n  order t o  increase 
the l a t e r a l  energy t- ,ects derived therefrom. The expected l o a d  transmission 
properties of t3e 3-4 element (as  coxpared t o  the so l id  round rods) would 
probably 5e mor€ c r i t i c a l  i n  the use o f  the W k  A concept than for the l&rP- 

D / J  concept. 
sion charge does not transmit r ad ia l  loads of suf f ic ien t  in tens i ty  cr duration 
t o  compensate f o r  the large dii'ference in  lob(! t-ansmission capab i l i t i e s  which 
&-wtably ex i s t  bGtween the simulant an3 actual core elements. This presumption 
was Eudyorted by the test r e s u l t s  obtained i n  Test AC-155, which used two large 
dispersal shaped charges with intersecting jP4.s t o  iiicrease these lateral  
energy coupl; - ~ q  e f f e c t s  . 

F a i l -  

This i s  based on the hypothesis Lhat the conical shs.ped disper- 

A se r i e s  of t e s t s  were performed as pax' Df the  ccztinued develop- 
ment toward achieving a mans  of sealing an i r rad ia t ion  capsule againct gas 
leakage when 3 grams of explosive a r e  detor.at,ed within the capsule. Several 
types of gaskets and sealing techniques were evaluated under bcth statif And 

dynamic precsur-s. 

Although some t y i s s  of gaskets were el-iminated from fu r the r  itOn61d- 

eration due t o  t h e i r  i nab i l i t y  t o  withstand high s t a t i c  pressures, o ther  soft, 
3 m s t a l  gaskets provided ser l ing  with no leakage greater than 2 x 10"' cm /sec 

at an internal capsule presscre of 10,000 psi .  
WRS enhanced by tightening, t o  200-in.-lb of torque, the cap screw attaching 
tne l i d  t o  the body. 

The capsule s e a l i r a  capabi l i ty  

Tests of the dynamic sealing capabili ty of the  capsule were con- . 
ducted by impact detonating 3 gram of PETN sealed i n  each capsule, then 
measuring the gas retained by removine the  capsule lid under a water displace- 
mat apparatus. Two successful tes ts  made use u;' an e.1uminum "blast cup" 
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2298.9 It for the equivalent m u l t i p l e  p ro jec t i le  system. 
single project i le  system having the explosive weight of 6-155 mp Froject;.lea 
uas talc.;?:: .. as 4%3 lb as compared w i t h  t he  equivalent m l t i p l e  pro jec t i le  
system veight of 357l.2 lb. 

The weight for a 

0~6: to the mgnitwie Oi' concentrated mss, a single proJtc- 
t i le  sistem uould require a? exorbi+s:t  parasitic counterbelance wight or  a 
nmjcr relocation oi esternal engine eqLipnent t o  Frovlde overal l  s ta t ic  and 
dynani.1 balance. 

3. Linear- Shaped Charges 

A series of 13 tests vas corducted t o  determine the  effects 

upon linear shaped charge performance of wave shapers, -sariations i n  standaff, 

anti different  modes of in i t ia t icn .  angie 2-1/2-in. wide 
charges MS loaded Kith Octo1 an6 i+s perforwince evaluated by firing it 
against a <-in. thick steel vitness plate.  
cmtained approximately 5f i  less explosive than the charges using no wave 

shapers. 

Three nodes of in i t ia t ion  rere tested; i n i t i a t ion  from one end, i n i t i a t ion  
at  the charge =enter, anJ inititstion along the  en t i re  length simultaneously, 
by use of a lin*-uave generator. 

0 
Each of the 9, 

*.e 9 charges xing yaye shapers 

Stand-cff distances ranging frm 0.4 in.  to  2.5 in. were evaluated. 

Although better performance bas ob+ained u i t h  the charges 

not using wave snapers, the resu l t s  shoved promise for the waw shaped ges, 

uhen consideratior. vas given t C  the f ac t  that they con-4ned 5s less explosive 
thm t h e  other charges. 

The best performance was attained at a stand-off of 1.5 in.  
with the shaped charges containing vave shapers a t d  at 2.0 in .  with the shapeC 
charges vithout wave shapers. 
maes  of in i t ia t ion ,  it bas shown that  t he  charges in i t i a t ed  from one end gave 

the best resul ts .  

I n  cmpariscn of the effects of the d i f fe ren t  

Tu0 ACDS tests were coaductcd using f u l l  scale tArgets. One target 
vas used i:i tes t ing  a #rk C (AC 161) des t .ne t  system concept and t he  secorrd - 
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target was expewid in  the  cvnlusricn cf 3 Mark A (AC 155) des t ruc t  system 

cozceyt. 

Mark A P a t s  

Recently cmiucred Mi A tests (AC 131 and AC 133) which d i d  

. 

ncc cr)zpietely satisfy the aestrucr. criteria, indicated t h a t  t h i s  goal would 

be sttainscie x i t h  a Elark A d e s t r w t  concept i f  s l i gh r  m d i f i c a t i o n s  w e r e  

eEFlcyed. 
~,iwcl-, ~ V O  E - l n . - d i s  :onic% st9:e.i i.harSt?s rnt.her than otie 6-in.-dia charge, 

Consequently, AC 155 Fade i;se i3f l i n e a r  cu t t i ng  charges of reduced 

c a.,d -- 2 red1xtIcr .  :: i e l a y  trcrr. ? l i t f i n ;  + a  d l s F e r s i o n  charge i n i t i a t i o n  to  100 
zi:rasetsn5s. 

A i~txar cs:::ng th~vge \;as er,plo_vea t o  provide a s ing le  

eLrz~-Zeren t . l s l  CCL of the presswe vessel md t.3 sever the r e f l e c t o r s  from 
::c,elr supsort rirGs. 

thc presol ire  vessel i c t o  i x g i t u d i n a l  sccr.iors. The conical charges uere 
p3sirizned on t::t nczzie 5ime:zi:ally opposite each other  with an E in .  stand- 

XY t z  t . te n o t t i e  sL-face. The rota: exFlOsii-e ;-Pigkit vas 2% lb, of which 
219 It bxs costsine5 i n  the i t x i c s 1  shapeii charges. 

charges use5 C c t o l  a: an  ex-_r.la;f;-tt, and Cmposision B was used i n  the conical 

ch-sgts . 

Four sesiiots of :::ear snsFed charge were used to sever 

The l i n e a r  Tvtting 

Ih? m d i f i c s t i o n s  iccorporqted i n  t h i s  des t ruc t  system re- 

sril:ea ir? schievecent 3Jf :he ACTS c r i t e r i a  IRe maximum concentration of 

core =acerial snq!'-ej irl 4 25 i r ~ .  c i r c l e  vtlghcd 2.<5 10. 
23rc  w a s  scattered ot'er a 3 IC GQ f t  or+a. 

The majority of the  

2 .  Mark C Tests 

The kst. of tnr Wrk C des t ruc t  concept made use of conical 
ckarges of b i n .  ?iBmeter, usirg wave shapers. Each charge w a s  loaded with 25 

1'; Jf Octoi explosive. The charges were positior'ed on the  simulbted nozzle at 

s;and-off dis tances  of 3, i, 3, snd 12 ft, snd oriented i n  such manner t h a t  

-. 

?he: ,..--I- axis would Fenetrate the core an3 int.era%ct the pressure vessel at the 

fsmnrd top surfscc of the core. 

T.aneously, t h e  d i f fe -ences  i n  stand-of? caused che shaped charge j e t s  t o  
strike t.he core at, sppr?xinsrely 103 microseconds in t e rva l s .  

1C2 hsk. 1, a g e  92 Item 1.6 
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Follow ng detonation of the  charge it was found t h a t  t h e  vdlls 
of the pressure vessel fa i led t o  rupture. 
not disprv- : . 

concept tests, it  was concluded t h a t  fur ther  testing i n  support of the  lkrk C 

concept should be suspended. 

Consequently the core materiel was 

Because of the poor r e su l t s  from t h i s  test and previous llark C 

6 POST OPERATION EXPERIMENTS 

Three tests vere conducted i n  support of the  POIIS development. One 

test employed a ful l -scale  half-length target  t o  evaluate the effectiveness Of 
a single internal  burster charge (PO 96) containing explosive equivalent t o  
4-105 mm pro jec t i les .  
target ,  investigated the  effect of prolonged delay betveen i n i t i a t i o n  of each 
of the 4 internal  burster charges ussd i n  a Msrk D PODS. 
performed with a sub-scale target ,  t o  deternine if detonation of one internal 
burster charge would cause sympathetic detonation of a similar charge i n  f u l l -  

scale Elark D tests. 

A second tes5 (PO 91) using a full-diameter half-length 

The th i rd  test  was 

1. Test PO 96 

Test PO 96 was conducted t o  determine the effect upon core 
fragmentation of concentrating the destruct systems explosive in to  a single 
charge rather than d is t r ibu t ing  it in to  a number of charges. 
contained 6.55 l b  of Composition B cas t  i n to  a &-in. length of 8.75-in.-m 
steel tube with a 0.75-in. w a l l  thickness. 

The single charge 

The amount of explosive and the target were similar t o  pre- 
vious tests i n  which four  internal ly  placed Charges simulating lo5 w projectiles 
were used. The s ingle  charge was positioned at the center of the ta rge t .  

Analysis of the test fragments showed the average particle 
s ize  t o  be approximately 0.5-in. mesh, which compares favorably with the r e s u l t s  
obtained from previous t e s t s  using mult.iple charges. However, the previous 
t e s t s  produced la rger  quant i t ies  of par t ic les  smeller than 0.0394-in. mesh, and 
were therefore considered t o  be mre promising. No fur ther  tests of the  single 
internal  burster charge are planned, principally because of the mechanical 
f eas ib i l i t y  problems which are associated with t h i s  des t ruc t  concept. 
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A subscale r e s t  vas conducr2.d t o  determine i f  the  detonation 

of an  expl;;-i.-e charge would result. i n  de tona t ia i  of an adjacent charge, i n  a 
nultiple-:h&rge Mrk D des t ruc t  systen;. In : h i s  t e s t ,  tu0 1u.G-lb charges of 

Comasi t ion E e x p l x i v e  slrnulat.ing 105 rL! pro lec t i l e s ,  uere placed 11.2 in .  

apart and p a r s l l e l  i n  a box f i l l e d  w i t h  3 / L - i t - .  graphite rods simulating the  

core. One rhsrge was detonated with 92 e1cc:ric detonator. Examination after 

the test reveale3 t h a t  the o ther  charge cas i rq  was destroyed and t h e  explosive 
d is re rsed  0-rer i h e  imdis7.e  vi:izitX7 a l t h o q h  the  explosive did not detonate. 

The resiilis of t h i s  :est in i ica tcd  t h e  f e a s i b i l i t y  of conduct- 

in5 a test i n  vhich r e l a t i v e l y  lcug delsys betueen the  i n i t i a t i o n  of each charge 
20~23 be used, without q ~ 1 ~ 3 t . h e t  i c  +?tons? I 3 n  CY charges. 

3. Test PO 91 

As 9 resuit of ckt- ??rc<al:is ' . r S t S ,  T ? s t  Po 91 w a s  conducted 

t o  i ietemlne tile e f f x ;  upor: wre fr%p,?nT%:ix ci' 3 prolonged delax between 

:he ir,itiat.ior, D f  each of +-he f o u r  rkirges. T h i s  t e s t  employed fou r  105-m 
i n t e rns1  b u r s t e r  ckarpes, escn contnifiing spp-oximtelg 1s l b  of Composition B 

explosive, s t z f i c s l l y  rmpisceci ir, a fcli-diecriekr, h d f - l e n g t h  t a rge t .  A 

SeF¶rst.e f i r i n s  panel snri tieto*lstor vas zaei  t3  i?lt,i.ate esch of t h e  four 
?i-,arges. "he chsrges 'r'cre '13 be iniLiaIe1 9' 3.5 millisecond in t e rva l s  

T?.r3Lgh LS? of e lec t ron ic  ?.im i e l ays .  
lasd-:orterAt.iy occurred (5. .5 millisecar,dSf'er thy i n i t i a t i o n  of charge 3.  
tc ts i  tine lapse b e t w e i t s  t h c  i n i ? i s t  ions of  ti-,? first and lest charges was 

I .-; nLlliseconi;, as masurcd GJ- a? e lec t ronic  d ig i t . a i  time measuring ins t ru-  

nerit . 

Hcw:ver, '.he i n i t i a t i o n  of charge 4 
The 

- -  

Examlnstjofi of :he t e j t  frsgments revealed no marked d i f f e r -  

%ce from the  t e a t  f r w r . t s  that. were ol;t.ained i n  a previous similar t es t  

(Pa 5 5 )  i n  uhicn tne charges wcre simultaneously i n i t i a t e d .  

. .  
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i Item 1.7 -TIC SYsTipI 

The pneumatic system design c r i t e r i a  f o r  the cold flav developareat test 
system =re caupleted during t h i s  report  ;#rid. Based upon these zr i te r la ,  ti 

system layout draving vas pre-Ared, thus forming the basis f o r  establishing line 
lengths, and permitting the s iz ing of the tubing. Steady-state point conditions . _  
a r e  presently being calculated. 

I n i t i a l  investigstions in to  filters for .me  i n  the C F m 5  indicate 
that the s t i p d t e d  10-micror. size w i l l  be d i f f i c u l t  t o  obtain. 

Pneumatic system schematics fo r  engine blocks E-1, E-11, E-111, ar?d 
FX were prepared tc  f a c i l i t a t e  the long-range direct ion of the Pneumatic System 

development program. 

i n i t i a t e d .  

Iayout of the pneumatic zystem f o r  the E-1 engine was 

The follaving vork was accomplished on crmponents: 

1. The test stand pneumatic cmnector specification 
is i n  the process of preparation. The design of the gland has beet in i t ia ted .  

2. The burst diaphragm specification was in i t ia ted .  

3. 

4. 

The relief valve specif icat ion is being released. 

Specification control dravings were ccmpleted on the 1/2 and 
1-1/4 in. filters, the 3/4-in. regulator, and the relief valve. 

5. Requests f o r  vendor quotation have been made for  the follaving 
i t e m s :  

1/2-in. shutoff valve 

3/4-in. shutoff valve 

3/4-in. check valve 

i - l b i n .  check valve 

I 
1. 

. . .  
< L  10 s 

i;: 
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X xeeti::g ox 11 JUT,? I f f3  es?ablishsd thzt operational che-.,.ks to 

v e r i 0  the  in tegr i ty  of contmczor-inat.alied system on ETS-1 uouia cOQrmence 

on 1 Octoker i%j. Proxiwe-e,. tz a-ZsmFiish tke p r c g m  are being prepared, 

&sed or, a recently i q o s e 3  censtlgint  o? tke asc of ;he hlgh-pressure 
sterago vessel? .  V-320i thrc-ig!! V-5232, cpemtizg at masinrun pressure of 

1300 psi. A iet%:leci ou t l ine  f a r  ti,ese apra*,icjml checks w i l l  be submitted 
t o  S:Z?-C fcr review on, or  abxf , ,  IS J L y  13::. 

The as-Suilt ai!exi.:ns reqilred fo? ;feslgn of the l iquid- level  

prabe of vessel Y-5CL71 were cb taxe3  t y  2 . . 2 % . ~ l  f i e l d  measurement., and were 
given tC %e Cataiyt:: Const.ric:ic? Ccnpa?y f o r  t , r % r . s m i L t s l  t o  SNPO and REON. 

Ccori inat ian cor,?inued uitS S e t r i x c -  of FEL; cr: the F a c i l i t y  Contrcls System. 

E. TEST CEII, A .~JFFJ&.TI<X~ 

I c s t a l l r t i o n  of t t e  rtixing ckanker ar.d t h e  new reacfcr purge 

l i n e  was camplet&. SeTreral ir-s:x-mer.+-.aT:cr. and flange ieaks were repaired, 

s f t e r  press-xre tes5ir.g the eTdipner.t. FEPi ?OS.+ operations persoxqel assisted 

with the mixing ckmber t . e s t s  ?o?.ri;cted 27-23 3i;r.e 1963. 

106 Task 1, Page 96 Itern 1.8 
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Item 1.9 RADIATION EFFECTS PROGRAM 

A. PROCRAM ! " K I N G  

'&e radintion effects  tes t ing  program for  Contract Year 1964 has 
been outlined and the Kork Statement, Technical Administration Document, and 

the General DynmicsiFort Uorth Program Planning Details are being p r e m e d .  
These documents w i l l  be published i n  July. 

B. RADIATION EFFECTS REPORTS AND Di?WMTION 

A report en t i t l ed  Irradiat ion Effects on Selected Lubricants 1. 

Materials UANL-TNR-109, vas generated as a fins1 report on t e s t  40/W002 
i n  the Radiation Effects Program. 

me following dosuuients were Issued for inser t ion into REOX 
Report 2510, 'adi;tior. Effects Testin&: 

1. 

2. 

3* 

Firvrl Test Plans 

5 /At- G1 TPCV AcY,ator 
39hJ201 Fuel Materials 
39hQ02 Fuel Materials 

23fi103 Resistance The mane ters 
23b301  'Ih e moc ouples 
25fi401 Stxain Gages 

39b102 Fuel Materials 

Preliminary Test Specs 

5/AOO1 TPCV Actuator 

Final  Test Specificatfons 

39/w001 Fuel Materials 

39blOl Fuel hkterials 
g9/w102 Fuel kter ia ls  
391w.201 Fuel Hate;-ials 
39/W202 he1 Materials 
8/wooi Transition Jo in t  
23/W201 Displacement Transducers 

107 Task 1, Page 97 Item 1.9 i ,  
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Eva>m*,ions were cmple t ed  ,in :he primary ana secondary gammr 
radiat. icn environnenss of the NEE'JA eugize . 

1. Elec rnca l  Compscerrss 

E:-ec:rlcai Test Pailct 5 %  system dxauings were updated, and 

t h e  pallet is approximat.eiy 6% 2bricsted.  

at  GC,!FW for  tbrs p i l e t  were shipped t.5 Fort WoAh. 

.Uting electrical connectors required 

Ele?*.ricai Test h i l e t  502 electricai schenatic drawings were 

comFleted and fktrica\;ior, is  beginning. 

Eiectrital  Test Pallet 503 preliminary design requirements 
Yer'P received and are keing rev',eued, 

2. Mechanical Componects 
: i  

e ,  * . . * I  

* I  . . . . .. ... 
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Liaison continued with GDiFw for the checkout and 
i n s t a l l a t ion  of Mechanical EBllet 901. 

of t h i s  p r I l r +  -3ntinued. 

The pre-irnrdiation checkout tests 

Long-lead procurement and fabrication f o r  e l l  Cy 1963 
pa l l e t s ,  and for  Mechanical Rnllets 90: ana 906 continued. 

3 .  Test l k c i l i t i e s  Special Test Equigment 

The deslgn of the CD/W gas dist r ibut ion and e l e c t r i c a l  
systems vas completed. 

'Ihe LH2 piping, the two control mcks for t h e  gas d i s t r ibu t ion  
system, the  Dewar, the e l e c t r i c a l  system, and the f lex l h e s  have been in s t a l l ed  
at GI) /RJ. 

The following was accomplist.ed on the W - 1  Cryogenic Loop 
end the W-2 Water-Coo1f.d Loop a t  F%P€ during the reporting period: 

The design effort of the W - 1  loop by Vitro Engineering Co. 

was completed. PBRF'has approved the design package. 

The design of the K - 2  loop vas caupieted, and procurement 
of individual items was completed. 
pre-fabricated and shipped t o  PBRF and ins t a l l a t ion  was In i t i a t ed .  
piping I s  a l s o  being instal led.  

Some of the piping t o  be ias-'dled -8 

Associated 

A dnrft version of the W-2 loop Design and Hazards Summry 
Mmual vas prepared and submitted t o  PBRF for approval. 

A draft version of the W-2 loop Openrtional Ekrnual was 

prepsred end is being presented t o  PBRF f o r  approval. 

E. MATERIALS PROGRAM - NON-NbCLEAR 

1. Non-Etadiation Program 

a. Reactoi- bterials (Non-Fuel) (Item 1.3.1) 

I 

, 

(1) Shield h t e r i a l s  

'I%.-. i r radiated capsules have been received at  the 

WTR hot cells, where they w i l l  undergo post-irradiation examination. 
f lux  monitor wires have been transferred t o  W A P D  radio-chmlstry for  analysis.  

The 

109 Task 1, Pa& 99 Item 1.9 
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( 2 )  Kcactor Structural  b t e r i a l s  

Developrneiital production is continuing on 

gadoliniurs-bearing stainless steel type jOL, f o r  c ius t e r  platcs .  A 400-lb 
heat of a i r  induction-melted material was produced, and chemical analyses at 
several  locatio% indicated tha t  the efldolinium content was mifonnly  distri- 

buted v i th in  acceptable l i m i t s .  Howevr?r, as  i n  the case of l a rge r  hea ts ,  

t h i s  40i)-lb ingot G a s  not forgeable. 
forged, but chenical analyses haw: not been cmpleted.  

shown sa t i s f sc to ry  t ens i l e  pm,perties. Additional e f f o r t s  t o  solve the  cluster- 

p l a t e  problem include the followice plms : 

A &lb heat was produced and s a t i s f a c t o r i l y  
Small 17-lb heats  have 

Investigation of production o f  gadolinium- 
bearing s+ainless  steel by powder metallurgy, 
fai lowed by rolling. 

Investigatior: of the '?se of gadoliriiiun foil. 
f o r  sacdwich- type cons trlst ion. 

1nves:igation of vppor-deposited gadolinium 
for  sandwich-t ype construct ion. 

Investigation oi' ava i l ab i l i t y  and propert ies  
of s ta in less  steel which contains Boron-10. 

Evaluation of silver-indium-cadium a l l o y  (60 
Ag-15-111-5 Cd). 
in  vibration, cold-flow, and PAX experiments. 

This has been found sa t i s fbc to iy  

Procure and evalimte 'a small quant i ty  of 
gadolinium-bearing stainless steel fcr use 
i n  the PAX experiment. 

( 3  ) Control k t e r i a l s  

Manufacturing of control dnrm p la t e s  has 

continued. 
f i ve  were canned for ro l l ing .  

have been formLd and w i l l  be punched whea new tooling is  a v a i l a b l e .  

formed and punched A$ plates have been given serial numbers and i den t i f i ca t ion  

by e l ec t ro ly t i c  etching. Eight of these are scheduled for  anodizing and dyeing 
t3  determine any possible changes i n  dimensions or  I n  l e g i b i l i t y  of ident i f icat ion.  

I n  addi t ion,  l5-lb of na tura l  boron powder was received, sampled, and seived. 

Seven A l g  (86 Al-20$ boron-10) compacts were hot  pressed, and 

Thir ty  % (80$ Al-2@ naturs l  boron) p la tes  

l h i r t y  

1 
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( 4 )  Instnamemation 

"he problem Iwolving changes i n  cal ibrat ion of 

tungsten,'' . .__ Lrn-rhenilan themocouples aut 
investigated from the  standpoint of iapurlty pickup f'rm beryllium oxide, 
o r  frm the grrrphite mtrix. I n s t m e n t .  suppliers have been contacted t o  
assist; in selecting more r e l i ab le  designs and mterials for use i n  cryogenic- 
irxadiatlon ecvircjmen+,. 

J service cmdit ions is being 

b. '%rust Chamber Assembly 

(1) Cast Al-minum Jacket Materials Developnent 

Tensile properties,  chemistry, and microstmcture 
were rietemZned f o r  t h e  A-J56-% Jacket of Kiwi-B nozzle S/K WlK, and tests 
on notched-tensile specimens a r e  i n  progress at both 75 an? -320 F. Aversge 
roun tenpzrature t e n s i l e  propen:ts uere: .3 .2  k s i  u i t h a t e ,  27.4 ksi y i e l d  

, trength, 1.655 e l o n @ t i m  ( i n  LD). 
for high zopper. 

ace, an? coarse ac icu la r  particles. 
for iacket materials of NRX-A nozzle S/N 00032 -, and XXZiRID I nozzle S/N 
WlH. 

nozzle S/N 3OlN. 

0 

Cnemical canposition was n o m 1  except 
Microstructure vas porn, showily gas-porosity, microshrink- 

Tenzile properties were a l s o  detennined 

Metallographic analysis was cmpletcd foi- jacket material  3f NEFWA 

Houard Fourrdry of Chicago produced seyanrtely 

cast test bars which were t e n s i l e  tested and examined metallogrcrfiically. 
Experimental test bars were also produceZ at Pacif ic  Brass Foundry t o  evaimtc 
A-356 aluminum a l loy  ccntaining four difi 'ereat levels  of magnesium and cast  i n  
f ive different  thicknesses. 
a re  i n  process of ws lua t ion .  
varies direct ly  with msgnesium content f o r  sodium - innoculated nrrterial. 
e f f ec t  of composition on d u c t i l i t y  was not deteminable due t o  casting defects. 

Tensile properties,  chemistry, and metallography 
Preliminary Indications are that t e n s i l e  str.ength 

The 

(2 )  Braze Alloy Development 

A t en ta t ive  brazing procedure for U-tube 
nozzle design v 8 e  presented t o  SNW perfionnel et Washington, D.C. 
U-tube simulated th roa t  specimen A-1 was fbbrlcated using NIORO Braze alloy 

The f i r s t  

111 Task 1, Page 3.01 Item 1.9 
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(12 AU-i8 Ni), and X-my standards are Seing develope: for qual i ty  control. 
Eydrostatic proof tes t ing of this sample has been scheduled. 

Stainless-s teel  Type 347 shear-test  specheris 
(2T) w e r e  prepared, using MOR0 bnrze allqr. All failed i n  prrent m e t a l  
when tested. 

( 3 )  !hrust &ember Assembly Mnterials Investigation 

Alloy A-286, received f'rom Standard Pmssed 
Steel  Company, vas scheduled f o r  mcnining of t ens i l e  specimens, and 
metailcgraphic exmination of t h i s  material is i n  progress. 

Tensile specimens of Inconel 718, cold dmwn 
and aged, have been ordered frm Voi-Shan, Inc., and delivery is estimated 

at s i x  weeks. 

(4 ) Pressure Vessel a te r ia l s  Department 

Welding was completed on titanium a i loy  
6Al-4V EL.1 forged plates  f o r  e n l u a t i o n  of t e n s i l e  properties. 

Preliminary data w e r e  released for  t e n s i l e  tests 
of this basic material, perfonned by Aero:jet a t  room temperature, -100, -320, 
acid -423OF. 
5A1-2.5Sn ELI taken from a forward closwe, several cylinders, and an  aft- 
adapter of pressure vessel forging 001 T F V .  

Tensile data were a l s o  released on specimens of titanium a l loy  

(5; Materials hta Book 

Preparation of graphs, design properties, and 

fabrication information on s t ruc tu ra l  materials is continuing. m e  second 
supplement will be issued i n  July.  

( 6 )  Twenty-nine hrocess 

putchasing specifications f o r  WANL were reviewed, 

Par t h e i r  revision 8nd resubmission. 

specifications and thir ty-f ive 
and comments were foxwarded 

112 
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2. Irlndirtioa mf'ects on Structuml nttw (I- 1.9.6) 

a. lknsile rad Shear Test 

Prelimhsry results ham been obtrined o the u l t r t e  

s h a r  sthngth at liquid hVdrogcn tapcmt-8 m the C O a t r o l  shear 8pcirrrU 
of all  s tmctua  mterl8ls scheduled for this coatmet m. Poll- &ta 
axe presented: 

SlwNLESs STmI 

304 annealed 
321 annealel 
347 annealed 

347 cost 

17-7 Pii (Ri950) 
AM 286, age liardencd 
410 hardened 

TIPAMlM 
Alloy Al10-AT 

NICICEL BASE ALulYS 

Hastelloy C 

Inconel X-750 

Inconel 713C (Cost) 

Shar Strength, 
mi 

lkl ,Ooo 

133 ,km 
152,400 
163,400 
i80,m 
168,200 

149,3oC 

130,600 

149,200 
152,800 
144,500 

lhrkr 
or mst8 

h 
4 
2 

3 
4 
4 
4 

4 

3 
4 
4 
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A l l  tensLle axi shear speciaiens uti& were partially 
Ir=diated during the second mdiatio3 n m  conducted at tke end of arch 

1%j ( w i t h  t h - 2  :\:=eptim oi' the '~??:'lon and 

Epwnic!Fcrt bi2rt.k h c i l i t i e s .  

were tested at iiquid hydrogen temperature after a uaxm-ul, priod. 
attained average tensile strrngth is 81OC psi for Teflcn and ZCVOO ps i  for 
A m i o n ,  w i t h  an avenige ei-tion i.:$ 8nd 2-55 respectively. 

reduetion or the control tensile test. is nct cmplete .  

are stored at Genexal 
llhe irxadiated lkflon and Araalon specimens 

The 

The data 

Detailed -wings on the aew Dear design am being 
p.-pamd. These drawings w i l l  be s u b i t t e d  to SIIPO-C for a p p m l .  

b. l'henml Conabctivity 'lest 

The first thtmi ConCuctivity test over the tempera- 
ture range f n n  N - ~ K  has beer. cmpleted vith protctype equipaent for 
checkcut purposes. 
tests usinq this design is schedaled t o  begin &wiry JQ-. 

ILr.;lfsctur~ of the equipcent to be used i n  irxadiation 

114 Task 1; Page 10k Iten 1.9 
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W o  3 e s i . p  Review Meetings w e r e  held with AMF', the first, 12-19 
J-mf?, and the second, 25-29 June. 
equ .pnent specifications; t o  review purchase pc!iages on the  MCC shielded cab, 
03c; bridge and t ro l l ey ,  and the OPS msst; t o  review PER!F netvorkb for pmblcm 

aIous; and t o  c l a r i f y  interfhces between UIF equipaent, the -A Engine, and 

E-HAD h c i l i t i e s .  

Ihe purpose of the m e e t i n g s  YBS t o  U p g A d C  

The openrtional flaw for transferring the pressure vesse l  f'raa 

the =IRp cage (Pro.iisionir4 L i s t  Item N-914) t o  an  ACE? ~mp? i n  the R-EUD 
Building was the primery topic of discussim at a meeting held a t  LRP on 
I1 Jue. 
from the tmiler and rotate it w i t h  the ACFI Universal Handling Fixture. 
his procedure w i l l  be used for NRX-Al only. 

It was agreed by LRP, UANL, and ACFI t o  remove t h e  pressure vessel  

RE%jIuIF l i a i son  MS intensified pelrmnently i n  June t o  keep 
pace. with W ' s  expanding a c t i v i t i e s  i n  purchasing and f i n n l  design. 
MS 5ecided upon because of the greater a t t en t ion  t o  d e t a i l  mqu i re2  BS 

major contxactual milestones approach. 

This 

B. OVERHEAD POSITIOlKNG SYSTDI (OPS) 

Bict dn ';he OF'S bridge and t r o l l e y  w e r e  requestea Ama vendors. 
Iht mast desien was caupleted and w i l l  be rea<' f w  bid s o l i c i t a t i o n  i n  early 
Tuly . 

C. F'LOOR MOUNTED HANM,ING SYS?IEM (EMHS) 

Final design af the  mobile carriage, dolly, and turn tab les  is 
do'$ cculplete. W3S stand designs are  being held i n  cesponse t o  SHPO direction. 

LRP has been directed t o  provide the dummy fomrd C l o s u r e ,  nozzle 
z1osures, and the special, t h r e e - l e m d  sl ing,  as required by t h e  late delivery 

of these Mu(-Al and A2 items. 
is i n  preparation, 

A Project Directive del ineat ing th?.8 respons ib i l i ty  
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Repcrt Yo. LO’j6O-lC-2h 

A s t a t u s  summary of t h e  Mu(-Al Support Equipment f o l l w s :  

UANL - 
Pr:\-:s.;:ning 
L i s t  IteP: No. 

1102 

ll& 

1106 

1125 
1169 
1191 

1206 

1215 

ACFI 

231 

i138 

1150 
1151 

1135 

l i L 7  

1153 
1180 

1181 

118.2 
11 27 

12u7 

T i t l e  

Tool - control-dnm bearlng- 
how in6 bo l t  ipmoval 

Handling f ix tu re  - o’iter 
r e f l e c t o r  assembly 

Tcol - oiiter r e f l ec to r  tie- 
b o l t  nut r e m c v a l  

roc1 - cluster-nut removal 
Tool - shin-rcd-nut removal 
Tool - core-support ring-bolt 
removal 
Tool - cluster-nut r e m w a l  
(c~-mg? adapted! 

Tcol - spring retaining bo l t  
removai 

Handling f ix tu re ,  universal  

Handling f ixture ,  sh i e ld  
Stand, prlky plug assembly 
Trun?lion cage, reactor 

Tniraion cage, reactor-vessel 
Kandlirig f ixture  - rewtcr 
adapter r ing 
ikndling f ixture  - screen 
Tooi - instranentation seal- 
nct remavsl 

Support f i x t u r e  - i n s t r J -  
mentaticn and control sha f t  

Fixture  ’ - react or  t r m i o n  
NRX-A1 test car 
Personnel platform, Peactor- 
Vessel Car 

Status 

Final  design i n i t i a t e d  

I n  fabrication 

Final  design i n i t i a t e d  

Bid  package i n  process 
F i m l  design i n i t i a t e d  

Design layout i n  process 

Bid package i n  process 

Design c r i t e r i a  i n  
developnent 

I n  fabrication 

I n  fabricat ion 
I n  fabricat ion 
I n  fabricat ion 

I n  fsbr icat ion 
I n  fabrication 

I n  fabricat ion 
Pequired for d i s -  
assemb1.y operations 
oav. NRDS use 

I n  fabricat ion 

I n  fabricat  ion 
I n  fabricat ion 
Bid package i n  
process 
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Report No. ~0560-10-24 

* Ali support equipnent for  NEu[-Al is on schedule. The milestone 
of 6 July, uhich calls for canpletion of all Mu[-Al support equipncnt design 
releases, c h m l d  be m e t .  

The following proposed NEu(-A2 MANL purchase orders were revieved 

during the report period: 

Provisioning 
L i s t  Item No. T i t l e  st.tus 

1104 Contro l -dm assembiy storage REON technical approval 
stand withheld pending m o d i f l -  

1149 cation or- juPtiFication 
of design Outer r e f l ec to r  support-ring 

l i f t i n g  f ixture  

NRX equipnent lists vere p r e p r e d  f o r  a f e a s i b i l i t y  study of 
E-MAD t o  acccarmodate Mu( and f o r  the Program Requirements Docment (rmOrr 
Report 2578). 

E. NERVA EXHAUST SYSTPI (NES) 

Fcur NES handling procedures were reviewed for a revolving -try 
cmne, a locanotive crane, a st i f f - legged derrick, and a pneunatic t i r e d  
tmiler. 
moving the duct, on the  ?nematic t i r e d  trailer system, t o  ana fran the 
vault through the ditch. Tuo concepts are being studied; one requiring 
disassembiy of the duct in the ditch, the other based on moving the du-t 
i n  one piece t o  the stoxage area. Both plans are to be ccmpared thmvgh 

Parther development. 

k major e f f o r t  uas directed toward developing the capability of 

Handling equipnent requirements w e r e  developed for both ~::thode 

of handling, and various ccnfigc.nrtion s tudies  w e r e  -de. 

configuration p o s s i b i l i t i e s  were =de, and f e a s i b i l i t y  is being rrtudied for 
both methods. 

4 o u t s  of trailer 

Requirements were in ,es t igated for providing arttrcoollag of UI 
i 

engine, beginning 24 hours a f t e r  shutdown. 
removal as opposed t o  time and engine locat ion at EIN, E-MD, and the 

The relationship of required heat : i  

119 Task 2, Page 3 Item 2.1 
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Hot-Hold Stand, MLS investigated to  establish the need for an af ter-cool ing 

system at these locations. 

.._ rte cooling systems w e r e  checked for f e a s i b i i i t y  including 

air cooling, ambient nitrogen cooling, and l i qu id  nitrogen e-Juporator cooling. 

Xhile a l l  three systems wre found f a s ib l e ,  f'wther studies will be m d e  

to es tab l i sh  an optimum system. 

Protective dust covers and contaminated-particle filters for t h e  

&sign c r i t e r i a  (preliminary) top and bottom of the engine are under stuciy. 

i a s  establ ished and is being checked fcr c m p a t i b i l i t y  with the cooling system 

recpiired f o r  post-test re=iwa1 az5 rraiisport 

%ta, p r i n t s ,  specification:, ani d2sign criteria are being 

analyzed p r i o r  t o  preparing an engine cperational support plan, and de ta i l ed  
operational proceaures. 

Fabrication of the Engine I n s t a l l s t i o n  Vehicle (EIV) c a r  and 

s u p e r s t ~ ~ c t u r e  i s  on ~chedlile.  

Ebbriation of the ca r  f o r  t h e  Manned Control Car (MCC) is  a l s o  

on schediile. Ihe b id  packages f o r  the shielded cab were sent t o  vendors. 

A t r i p  was made t o  the Lewis Research Senter a t  Plum%rook, Ohio, 
t c  inspect the Locomotive after it had been serviced by the Army Tmnsportation 

Zorps. ihe Locanotive w s  found acceptable t o  REtN as a GFE operable item. 

Spe-if icat ions an? being revised - 0  r e f l ec t  ccly those changes required for 
NRDS openrtion. 

N. 
. -  

FAZ3XTIIEs SJPrnRT Ef&IPwm ( E - w  c-1 

A study of E-MAD local catxrcl s t a t i o n s ,  control lers ,  and color 
X i i n g  -6 completes. 

-ompatlble reiote control equipment in the  E - W .  

'Ihe obJect of the study uas t o  provide unlform and 

! 

i - 
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A s ta tus  report of all Subtask 2.2 and 2.3 support equipaent v88 

submitted t o  Mr. E. Burciaga of NASA-WOO following a review meeting with him 

at Azusa on 21 M y  1963. 

B, NRX EQUIPMENT 

The review of the NRX-A1 Operational Support Plan was completed 

at U r n  and technical direction established Tor the  campletion and publication 
o f  the document during July 193. 

A s t a t u s  surmnary of WANL NRX-A1 Support Equipnent follows: 

Provisioning 
L i s t  Itcm No. T i t l e  Status 

1402 
1406 

1411 

Control-dnun servo checker I n  fabrication 
Wiring and transducer checker, I n  fabr icat ion 
t e s t  car 

Druii-control equipment, 
individual manual 

I n  fkbrication 

Reactor instrumentaLion el;uip- Purchase specs 
ment canpleted 

All items a r e  on schedule. 

Remaining WANL NRX support equipnent drawings are 9546 cmple t e ,  
and of these 6C$ are released. 

A review was i n i t i a t e d  of %he I&C design psckage submitted t o  

REON by EGtC. 
design pack8ge under the cogniza2ce sf Subtask 3.3. 

This data is a contribution t o  the develqxnent of the fiml 

121 Task 2, Page 5 Itea 2.2 
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I t em 2.3 

A.  

t h e  design 

GROUND SUPPORT EQYIPMENT - TRATJSPORT, GROUND HANDLING, AM) 
MAINTENANCE 

A Design Review Meeting 

and s t a tus  of a l l  NFX-A1 

and 2.3.  A l l  support equipnent f o r  

A Status  Review Meet.ing 
E. Burciaga of' NASA-WOO, t o  present 
support equipment. 

B. NRX EQUIPMENT 

The WANL purchase 

(Provisioning L i s t  I t e m  11%) 
no t i f i ed  of the approval. 

A s~mme,ry of W m .  
by groups: 

Number 

was held at WAhz, 18-20 June, t o  review 
support equipnent. f o r  Subtasks 2.1,  2.2, 

NRX-A1 is  OF. s c h e h l e .  

was held at REON, 28 June, with Mr. 
the  s t a tus  of all Subtask 2.2 and 2.3 

order for t he  inner shipping container stand, 

w3s rezeivej. and apprcved by REON. WANL was 

MIX-A1 support equipment status follows, l i s t e d  

S'tatus of Items Group - 
8 Receiving equipnent Fab completed on 7 items. 

One item i n  fab. All on 
schedule. 

12  C o U  disassembly equipnent Eid package i n  process 
011.7 items. Flve items 
i n  fab. A l l  on schedule. 

1 5  Storage ccntainers Ecsign complete on 2 items. 
12 items in design. One 
item 20 be supplied as 
GFE. All on schedule. 

C. E-ENGINE EQUIPMEVl 

Page and Page C o m p a n y  vas selected t o  supply t h e  Rocket Engine 

Seni - trailer (Prcvisioning ~ i s t  Itea 724). 

present ly  being coordinated with them. Due d a t e  f o r  del ivery of t h i s  item 1 

is 9 August 1963. 
a n d  XI, a re be ina 3rem red. 

Ihe suspension system design is 

E-engine equipnent l ists f c r  the E-MAD Complex, Phases 
I 
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I t e m  2.4 INSTRUMENTATION 

A .  TNSTRUMENTATION MTA B O X  

Work was continued on the July 1963 edi t ion of the Instrumentation 
It is anticipated that the updating of mtasuremcnt requiremcnts Data Book. 

lists, and the accmulation 3f additional data, w i l l  expand the Data Book in to  
3 volurmes. 

B. NFN-A INSTRUMENTATION 

$ 

.- 

123 Task 2, Pag% 7 Item 2.4 
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Specification Control Drawings fo r  the NRX-A1 cold flow engine were 
updafed to  incorporate the latest current environmental requirements. Effor t  
continued on the NiUt-Al instrumentation ins ta l la t ion  drawing and the NRX-A1 

instrumentation schematic, incorporating changes caused by the addition of view- 
ing holes i n  the nozzle. The release of these drawings is anticipated i n  July.  

A tungsten-rhenium thermocouple was designed f o r  use i n  the NRX-A-2 HF 
engine. 
Thoria is used as the thermocouFle wire insulating material; and the thenno- 
cmple has a tantalum inner sheath, and a W-268 Re outer sheath. 

O n e  element consis ts  of W-5& Re, by beight, and the other is W-W Fk. 

The design of a port adapter far the TASL-NRX-A thrust  chamber 

simulator furnace was completed; preparation of fabrication drawings is now i n  
progress. 
and comment. 

When completed, they w i l l  be submltted'to IASL f o r  review 

Praposal drawings were submitted by the Aero Research Instrument 
Division of Advanced Technology Iahoratories, Chicago, I l l i no i s ,  for  a high 
temperature exhaust thermocouple assembly t o  be used on the i n i t i a l  NRX-A Hot- 
flow engines. 
approval of the design contingent upon receipt of updated vendor-drawings in-  
corporating the latest revisions. 

The drawings were reviewed and returned to  the vendor, with 

I: 
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A summary was received from LASL of reac tor  instrumentation deuelop- 

ment work accom?lished s ince  the Kiwi-B-4A hot  run. 
is  being incorporated i n t o  the developmental plans and design c r i t e r i a  f o r  NKX-A 

hot-flow engine instrumentation and transducer development act! v i ty .  

The information contained 

C MECHANICAL COMPONENTS IRRADIATION TEST INSTRUMENTATION 

Instrumentation components were ordered f o r  Materials I r r ad ia t ion  

The completion of Test  902 Tests  903, 904, 905; and f o r  two control  pallets. 

acceptance testing is planned f o r  July,  together with fabr ica t ion  of two RTl! 
ca l ib ra t ion  sets. 

D. CRYOGENIC TEMPERATURE TRANSDUCER DEVELOPMENT 

A technical  review was completed of the groposal f o r  a miniature 

transducer submitted by Rosemont Engineering Company. This document, e n t i t l e d  
"Technical Proposal f o r  a Special ly  Designed Platinum Resistance Temperature 

Sensor for  Shallow Immersion Applications, 
interchangable within 0.5OF (including manufacturing tolerances, ca l ib ra t ion  
accuracy, and repea tab i l i ty ) .  
inches, w i t h  t h e  sensing element i n  the las t  0.10 inch of the probe. 

covers un i t s  designed t o  be completely 

The transducers have a maximum diameter of 0.15 

Preliminary calculat ions were -de t o  determine the f e a s i b i l i t y  of 

s+andardizing Electro-Optical Systems temperature transducers by adding a shunt 

r e s i s t o r  t o  the  s i l i c o n  sensory elements. 

A technical  review was completed on the Winsco and Electrowest quo- 
t a t i ons  fo r  f i v e  platinum resis tance temperature transducers. Winsco, the low 
bidder, based their bid upon an unacceptable deviat ion from the spec i f ica t ion  

(ACC 248059). 
from spec i f ica t ion ;  and the  successful  bidder w i l l  then be evaluated as a 
p o t e n t i a l  second Eource of supply. 

Winsco w i l l  be asked to  resubmit the bid without deviat i6ns 

An evaluation study of thermal emf indcced i n  Rosemont Model 13kT 
platinum resis tance temperature transducers was i n i t i a t e d .  
neon are c w r e n t l y  being conducted. 

Tests  In l i qu id  

i 
! 
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A Rosemont Model 134EB cryogenic temperature transducer ( rr 3iat ion 

r e s i s t an t  design) was removed from t e s t  service after being used f o r  dynamic 
temperature measurenents i n  l iqbid hydrogen during more than 15 engine component 
t e s t s .  
of 0.02OF throughout the range of -400 t o  -425OF. 

It w i l l  be recalibrated t o  ver i fy  the vendor's claim of a repeatabi l i ty  

E. THR;bYT CHAMBER CONTROL TWERATURE TEMNSrrUCER DFWUIPMENT 

Discussions were held w i t h  Rosemont E-ineering CL -7any centering 
around ways t o  overcome tkne response, shunt l e a b g e ,  and repeatsbil i  ty problems; 
hnd f o r  ways to  f a c i l i t a t e  f i l l i n g  th rus t  chamber resistance thmnometer: 
transducers with an iner t  atmosphere. 
designs overcane the shunt leakage problem by dropping the -.esistance and thus 

towering the sens i t i v i ty  o f  the transducer. To further reduce leakage one end 
of the c o i l  would a l s o  be grounded t o  the sheath. I n  two cases the proklem of 
slow-respc-se time was approached by placing the sensory element where! it could 
be heated d i r ec t ly  by radiation. 
a l s o  minimized i n  some cases. 
t o  determine how effect ive these changes may be for speeding up responsi time. 

The repeatabi l i ty  problem was attacked by removing the poss ib i l i t y  of shorting 
between c o i l  loops, and by improving the contained atmosphere. 

A l l  of the three apparently prG-mising 

The amount OP bery l l i s  t o  be heated was 

Analytical and analog studies w i l l  be rJquired 

F. THRUST CHAMBER CONTROL PRESSURE TRANSDUCER DEVEUPMENT 

Fabrication or' a pressure transducer f i x t u r e  was cmpleted. The 

f ix tu re  w i l l  provide mounting ecconanodations for e igh t  pot.entiameter-:;ype 
pressure transducers (four servonic and four Giannini) and will cycl ical ly  
pressurize them i n  5-incremental steps,  from 0 t o  750 psia.  

I r radiat ion t e s t ing  is  scheduled for 29 J u l y  1963. 

G. RE4CTOR lvUCLEAR INSTRUMENTATION 

There was no s ignif icant  a c t i v i t y  on t h i s  project during the period. 

i 
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H. REACIQR S O N - N W C M  INSTRUBFE4TION TABORATORY TEST PROGRAM 

High temperacure tests i n  a cmbined hydrogen and graphite en- 
virornaect vere conducted on seventeen +,ungsten/tungsten, &$ rhenium, thermo- 

couples. 
temperatures rarging from 434OoR t o  46bloR, due t o  melting of the sheaths. 

Two thennocouples f a i l ed  at approxiuastely 4200%. The others failed at 

During testing, the f olloving previously unreported phenamenon 
O v e r  a 5-minute period, with tne t e m p e r a t u r e  held a t  396OoR, was observed: 

the emf of the thennocouples decreased. 
to %)OR, the emf readings indicated 300"R lower than bad been the case when 
the same t e m p e r a t u r e  had been achieved pr ior  t o  reaching the highest temperature. 
Fur the r  experiments are planned t o  ascer ta in  the  cause. hrformance of the thermo- 

co.,ples was c m p m b l e  v i t h  the opt ica l  pyrometer up t o  the observed degradation. 

On lovering tne t e m p e q t u r e  of the oven 

Moisture sealant tests f o r  sheathed thermocouples were performed 
as follows: 
were s.,-ared and then sealed, using a n  epoxy (EPY 400) and an inorganic moisture 
sealant,  (Aeroseal, an Aerojet product 1. 
water. 

The ends Oi the  s ta in less -s tee l  sheathed Mgo insulated themocouples 

The thermocouples were then immersed i n  

Before t rea t ing  16 sample transducers, insulation resistance f o r  
both subs-cances ranged frm 4000 megohms up. 
lowest value was 40 megohms. Most resistance ranged frnn 140 megohms t o  
greater than 5,000 megohms. 
tested i n  the next tests a t  GTR-?lvm Brook. 

A f t e r  176 hours i n  water, the 

The two proposJd compcunds will be i r rad ia t ion  

Vibration tes t ing  was conducted on t en  exposed junction copper 
cmstantan T/C's (0.040-in.-OD, 5.5-oheath MgO insulation),  f o r  one hour each test 
?-.der the f t i l lwing  conditions : 

Frequency 

30 cycles 
120 cycles 
600 cycles 

1200 cycles 

1.26 TRsk 2, Page 10 Item 2.4 
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No ill e f f e c t  was detected i n  e i t h e r  vim or insulat ion resistance. 

A second test w s  conducted on th same group of t h c m o u p l m .  It 

extended over a four-hour period, a t  a 1% level, 30 cps, Vith vibrat ion srgli- 

tude of +,O.oOg-ib. 

open junction. 
four hours. 
induced, spurious signals. 

One thermocouple f a i l e d  after tu3 hours as a result af an 
Tbe re-ining thermocouples e r e  s t i l l  in&act  at  tti end of t b  

Vibm+,ion tests vi11 be repeated t o  determine the cause of sny 

Tests vert performed t o  deternine tte e f f e c t s  of c m n i c  tapcnkturrs 
on the open t ion  of d i sp lacemnt  transducers. 
Physical Sciccce units, and eight Crescent units vere tested f o r  the follouillg 
chanrcterist ics:  l inear i ty ,  s ens i t i v i ty ,  primary and secondary irpc&ances, 

null voltage, and insulation resistance.  
on these chamcte r i s t i c s  vith f e r r i t e  material surrounding the transducer. 

Six Schaevitz units, four 

Records =re also made of the e f f e c t  

Based on the r e s u l t s  of t h i s  testing, Crescentnodels 100-3K-IS 
and 250-3K-2S were r e c w n d e d  for applicatior: on NRX-Al. 
un i t s  successfully passed the tests, but  were re jected because of their large 

physical size. 
of temperature. 
better temperature coef f ic ien t  can be provided. 
when available. 

The Physical Science 

Tk Schrrevitz un i t s  failed the test f o r  s e n s i t i v i t y  as a function 
The vendor indicated that an improved m o d e l  using vih vith 

This revised model will k tested 

Tests of apparent s t r a i n  as a function of temperatune uem Ccnpleted 
for NFN-AI gaees or. graphite, alminum, incorel, be r j l l i um,  and stainless 
steel; but have not yet been conducted for titanium. 

By properly matching s t r a i n  gages t o  nrrterials, the f o l l w i n g  results uere 
obtained over the t e m p e r a t u r e  range fran 75OR to temperatures of U2: 
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Material. 

A l a n -  
Type 2219 

stryllim 

Inconel 

S a i n l e a s  
Type 304 

Graphite 

Waximta St ra in  
Indication 

(~ppare nt S t r a i n  p in./in.) 

a 5 0  cr in./in. m2 temp. 

s t r a i n  Gage 

c15-621 

c9-624 

C12-624 

-550 P in./in. ill, L tcrrp. 

4 2 5  p in./in. -165% t a p .  

+SO p in./in. -*OF terp. 
-375 3 in./in. m2 m;. 

+700 u in./in. -165% temp. 

C12-624 

05-621 

-- 

I 

A l l  gages *sed i n  the ahve t e s t  *re Budd C~pany, Karra Alloy 

type, bonded w i t h  EashPen 910 -nt arid coated vi% Cage Cote No. 2 and lo. 1. 

Tbe tess data indicated that tempi?ratm effects am not apFXeCiabb. 

T~E! worst results we- with a1min.m over t k  tezperatme range 75% to  my 
unere an  apparent s t r a i n  of 3 g in./in.OR WJS observed. 

currently undt;vay t o  improve this ef fect  by using a gage haviag an expansion 
coefficient more nearly that of the aluriinun Type 2219. 

Investigation is 

Work is pragressing i n  the e a  af radiation ef fects  on s t r a i n  &egcs. 
Canpensation techniques are being investigate*, and the ?- &age technique 
appears ttzz most praniaing a t  t h i s  t ime .  

The eddy c-Jrrent prok for rapid detection of fwl -e l emnt  
fractures uas fabricated into a p r o t o a m  mit.  

J. RADIATIC)N EFT'RTi TBspPRoGRAn 

1. P l u  Brook Test Facility 

final test plans for irradiation tests of s t r a i n  gages, resistance 
thermometers, t k e m o u p l e s ,  p ~ e s s - w e  transducsrs, and displacepent transducers 
ver% issaed. 

i 
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The s j o r i t y  of the test fixtures and test equiprent are OL) 

had. The reminder is king fabricated or procured, and is IJ’csently on scbcduIt. 

2. 

tested i n  tk M y  
on %he f i n a l  tzst 

Geacnrl nynami cs Ground Test Fkactor 

The poss-irradiation exariaation was capleted for transducers 
t e s t s .  Data are nw canplete, and work bas been initia-d, 
reports. 

Final  assembly of Gl!R f ix tu re s  for the A-t test vas 

ccapletcd. 
Gemral Dymaics. The August test w i l l  include strain &agcs, d i s p l a c e r n t  
gages, pressum transducers, tknwcouples ,  and resistance ttqtnture 
detectors i n  a Ut2 enviro-nt. 

K. ~ I X S J E C ~ C T  

A l l  equiprent *!as been delivered or is a-iting del ivery to 

‘I’m reports were issued by Berdix during tbe month of Junt: 

Roise Considerations i n  m V A  Diagnostic Instnmm?ntation, by T. A. S a r r ,  
Bendix Report 2333, and Optiru €hq wncy f o r  Variable Inductance Transducers 
for tbe -A Envirorrent, by T. J. Motran, Bendix Report 295- 

Bendix representatives ape continuing tbeir investigations ard analysis 
of various HERVA i n s tnaen+a t ion  problems. 

L. SURFACE OF TRAlWUCm 

Using the h x k i d e  process, a ;pecially designed, Moo-ob, 
s+.rippab:e-type, s t r a i n  m e  vas mounted an a 17-7 pH steel bam. 
sigmls of + 1 vo l t  and - 1 v o l t  vere obtained at beam deflect ions of t300O )I 
in./in. p. Additions1 s tndies  of hi@ output s y ~ t m s  a being planned. 

Output 

On 13 b y  1963, a t e s t  of 74 s t r a i n  &ages vas perforard at GTR. 
Conc1r;sive radiat ion effects data obtained has not, as yet, been released. 

Task 2, Page 13 I t a  2.4 
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iLem 2.: FED SUPPOW 

Gcnerll exchange c f  engineerh< lnfomtioti  and liaison act l~ i t l e s  

ccntinutd t:.: - xout ‘he wfith.  

Lextzils 0:’ nct!vltie:: art rtyttei mCtr Individual t8sk ittu 

c m x t m d .  

L 

! 
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! 

Test s p : i f i a t i o n s  for the component test prognrm were reviewed 

t y  YAHL, at. a-.. being Lzcorporared i n t o  the program revisions. WANL reviewed 

%d signed o f f  57 f i n a l  drauings. 
rePi'r:ved, and reconanenihtions vere made t o  improve t h e i r  r e l i a b i l i t y .  

Six instrumentation layout dravings were 

Preparations &?a prozedures f o r  the r eac to r  shipr ing tes t  were 
reviewed by WAX, .  

a h i @  probabi l i ty  of obtaining the desired test  data. 

Corrective act ions were i n i t i a t e d  and followed-up t o  ensure 

a! qualf . ty-cxtrol  =:mesen+at ives completed t h i r t e e n  surveys 

suppl iers ,  resbi t ing ir, 9 apprcvais, conditional approvals, and one 
4tsapprmsl.  

2 5 2  reactor-assenoiy process-oat lines. 

In aad l t ion ,  UANL Qual i ty  Engineering contributed t o  the wri t ing 

LR3 2acpleted a reviev af data frm the first test of the  hot-gas 
-. ; - * Y t  - - the Mark 1x1, Mod. 111, Silrbcpxnp assembly. R e v i e w  of G e s t  data 

has been s t a r t e d  for the second test i n  the series of hot-gas dr ive tests 

sf this item. Results of r e l i a b i l i t y  rsviev of data fran t h i s  test, and 

sabseqaent tests i n  this series, w i l l  be consolidated i n  ti. single report 

8: the end of the test  series. 

Four Engiceering snd Re l i ab i l i t y  EvalBat-ion Board Meetings were 

k e i 3  t a  .=onskier nA:abiilty recommendations r e su l t i ng  from LRP's design 
rwievs, test pler, evaluations, arld test data reviews. 

Recr-nization within the Liquid Rccket. Flant  continued during 
Organiza+,ior. cf the Qual i ty  Control and Re l i ab i l i t y  t h e  reporting period. 

Ser,ior Divisicn has nct been fd3.y ccmpleted. 

Tt~c LR!? Quality-Cor.troi Division conducted 22 vendor evaluations 

arrj, i n  additior,,  completed L i n t e rna l  Quality Control aud i t s .  

Re i i ab i l i t y  morritoring by Bendix resiilted i n  fu r the r  invest igat ion 

2 :learanee a n d  dimensionai checks on the NT-B4 and.NT-Cl transmissions of the  
AP. 4 .  

by minimum and maximcn dimensional buildup were adequate and that no problem 
exis ted.  

f-- c. h e  results of t h i s  investigation indicated t h a t  clearances provided 
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Design review e f fo r t  by AI@ was conducted 09 the EIV suprmtructurc, 
outboard Jacks, inching drive, azimuth drive, fore and art urd latex81 drives, 

stop medlanism, countexveight, MCC fire control system, OPS plumbness Indimtor, 
bridge, and t rol ley.  

The RWN Reliabi l i ty  Department reviewed a t en t r t i ve  test E- 
lnvolving s e n s i t i v i t y  t e s t ing  of irradirted explosives. 
provided f o r  Westin&wse and RwlR engineering on a problem concerniag the 
r e l i a b i l i t y  of test  i 

Consultation lms 

aumenkition t o  be uscd on I'IERVA engine tests. 

The REON Quality Assurance Department has prepared an Qurl l ty  
Assurance Program Plan. A review copy of the plan vi11 be dist r ibuted t o  
s o l i c i t  d e t a i l s  fo r  canpletion of the m ~ u a l ,  and to  obtain caments prior 
t o  establishing its final concept. 
the NRX-A1 Assembly was developed, and w i l l  be canpleted when all  of the 
end-item test and inspection procedures are reviewed, and final approval 
is obtained fmz SNPO-C. 
developing applicable end-item test and inspecticn procedures t:, meet 
established delivery dates for the end items. 

I n  addition, the end-item t tst  plan for 

LRP and UANL a r e  currently in the process of 

Monitoring of Rel iabi l i ty  and Quality Assurance a c t i v i t i e s  a t  
the p a r t i c i p t i n g  plants  WLS conducted on a continuous basis of the  REXIH 
Product Assurance Division. 
and Quality Assurance a c t i v i t i e s  is reported i n  a separate document. 

More detailed infonaation concerning Re l i ab i l i t y  

- 
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The reactor  descr ip t ion  for the ham report i s  k i n g  updated t o  in- 
corporate changes in acchanical d e s l e  and t o  discuss the corrocion resis tance of 
the  fuel e1e.cnt.s t o  high-teaapcrature hydrogen. 
Test C e l l  A control-system design uen reviewed for use in the repori. 

Results of the& aaalysis and 

An effort was i n i t i a t ed  during t h i s  period t o  a6scs8 t he  radiologi- 
~ a l  consequences downwind of fission products released during n o d  operations 

or following a nuclear excursion PA lwIs. Par t icu lar  emphasis is being placed 

on the cor re la t ion  of predicted contamination wi th  t h e  results of eeasuremmts 
made during the  Kiwi-A series of reac tor  tests .  For doses within a f e w  miles of 
the  t e s t  c e l l ,  the most s ign i f icant  parameter other than atmospheric conditions, 
appears t o  be the  e f f ec t ive  height of release of the  a c t i v i t y  and the ntitcre of 
the r e l ease  model. 

A c v i s o n  of t he  analytical methods used by W A N L  t o  determine the  
d t i p l i c a t i o n  constant for fuel assemblies and geometries which occur i n  Fuel 
proiuction and handling vas i n i t i a t ad .  

A review of safeguards against accicIer1tal c r i t i c a l i t y  in the  WANL 
reactor  assembly area is i n  final preparation. 

Testing was in i t iaked  on t he  in- f l igh t  poison system mockup. Tests 
were conducted using both t e f lon  coated, 0.047-in. s t a i n l e s s  steel wire, and un- 
coated 0.063-in. - s ta in less  s t e e l  w i r e .  
constant, and data are being col lected r e l a t ing  radial wire posi t ion as a func- 
t i o n  of p u l l  force and whipping e f f ec t .  

wires from the outermost radius of the core, the uncoated wires eroded t h e  
coating off t he  elements, while the coated wires did not cause v is ib le  damage. 

In these t e s t s ,  veloci ty  is maintained 

It was observed t h a t ,  when removing 

B. FISSION PRODUCT DIFFUSION STUDIES 

Post - i r red la t ion  heat treatment of WAIL-FP-2 samples (oxide fue l )  

has been completed. The percentage of gross a c t i v i t y  l o s t  9.s a function of time, ! 
I temperature and environment are given i n  the  following table. 
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C 

L 

Percent 
Pressure Time Activity 0 (ninl b U 8  

Sample 
No. 
7 

30 
15 
15 

5 
15 
30 
60 
15 
60 

31.6 
19.0 
9.8 
1.4 
2.8 
6.5 
10.8 
32.4 
39.5 

Radiochemical analyses of these samples is in  progrces, and u U l  k 
reported as part of the  f inal  capsule report. 

I r radiat ion capsule WANL-FP-3, irradiated May 17, 1963, has been 
opened at WTR. 

aents are now being made i n  the hot c e l l  f a c i l i t y .  
Radiation level, sample weight, and sample dlamsion measure- 

WANL-FP-4 and WANL-FP-4A capsules have been shipped t o  GETR for Ir- 
radiation. The latter capsule contains samples for sionrlated re-entry teste .  

bw-level  i r radiat ions at WREC and post i r r ad ia t ion  heating8 at U r n  
Enriched fuel is now have been performed on i r radiat ions samples FP-B and FP-C. 

being used i n  the low-level i r radiat ion studies. 

The literature search on the Fission Product Inventory Code has been 

A new completed and a s e t  of nLclear constants have been agreed upon with HRDL. 
computer code is being writ ten t o  deternine f i s s i o n  product inventory ard ac t iv i ty  
for NERVA operations. The es sen t i a l  features of the code are: 

1. 

2. 

3. Loss of isotopes is l imited t o  radioactive decay. Transauta- 

Five hundred individual isotopes are being included in the 
program. 
Multiple periods of reactor operation at constant power and 
periods of decay can be considered. 

t i o n  by neutron absorption is not included. 
4. The output of the code w i l l  give a c t i v i t y  of the individual 

* isotopes and several-energy-group gamma and beta decay powere. 
* I A 

This run was made i n  a helium atmosphere. 
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The first section of the code vhich will compuse the  isotopes act iv-  

ity has been w i t t e n  and is i n  the de-bugging stage. 

The analytical and experimental work on the hydrodynamics of the  

iumersion of a NERVA core i n  voter hks been completed. 
vest igat ion folious : 

A s.ummary of t h i s  in- 

?he iarawrsion of a core has been o r i e f l y  described and two general 

a gradual flooding and 8 hydrodynamic types of flooding have been postulated: 
impact flooding. 
and r e l a t i v e  flooding rate of water into a NERVA core f o r  each of these types. 

The basic objective of this program was t o  predict  the density 

The theoret ical  analyses which were performed included the calcula- 

t ion of t l x  terminal free-fall velocity of 3 E P V A  core, a qua l i t a t ive  descrip- 
tfon of the phenomcna uurin; hydrodynamic impect flooding, an approximate pre- 
dict ion of the i n i t i a l  rise r a t e  of water in tc  the core after impact, and the  de- 
termiiation of the low-velocity t ransient  potent ia l  flow into t he  core coolant 
channels during gradual flocdini;. 
program: d r i l l e d  cylinders and sol id  cylinders. The hydrodynamic impact tests 
on d r i l l e d  cylinders permitted the evaluation of the  r e l a t i v e  flooding rates of 

water i n t o  the models, whereas tCe tests on so l id  cylinciers yielded the magnitude 
of the potent ia l  flow theory pressures 8% the  base of t h e  models during decelera- 
t ion.  

Tvo basic models uere used In the  experimental 

These experimental r e s u l t s  were correlated w i t h  t h e  theo re t i ca l  analyses. 

The i n i t i a l  rise rate of water info a YER'JA core during hydrodynamic 
impact was predicted from the empirical equation as functicns of impact velocity 
and or ientat ion angle, Expressions f o r  the maximum and averag3 dens i t i e s  of 
water i n  the ccre coolant channels during t h i s  type of impact were developed. 
The approximate depth of a NERVA core below t h e  surface of water as a function of 
impact velocity and time w a s  determined from t h e  hydrodynamic impact experiments 
on so l id  cylinders. The t ransient  analysis of a low-velocity po ten t i a l  flow in to  

a core during gradual flooding has beeii applied t o  NERVA for  several  fixed depths 
of immersion. 

I 
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"he folloulng sub-routines have been writ ten for Inclusion in the RAC 

Code : 
: - 2 . 2 :  Handles uelayed neutron kinetics for lov temperature 

HID@: 
SCW.: 

rc-gion ( t o  5i3OK). 
Handlr?.s the delayed neutron kinet ics  at high tempcrsturee. 
Persits representation of control drum s c m  after a given 
core powr l eve l  is reached. 

These sub-routines have been compiled individually. Modifications are 
being made I n  RAC vhich w i l l  provide consistency between the -in program and t he  
various sub-routines . 

Two sets of experiments were shipped t o  TREAT. Four specimens were 
used t o  check out a nev photographic capsule design and t o  acquire refined data 
on the threshold energy required t o  cause damage t o  l ined fuel material. Three 

other specimens vhich had been pretreated w i t h  f luorine have been pulsed at dif-  

ferent levels t o  determine the  e f f ec t  of tne fluorine pretreatmcnt on the damage 
threshold. "he results of these tests are not yet available. 

The e l e c t r i c a l  t ransient  experiments have been continued t o  achieve 
meaningful temperature readings. Through tests it vas determined that it was 

possible t o  achieve massive kagmentatioc of a stanple with an energy input of 

7.7 Kw sec/g. 
tion, it ~ p p e a r s  t ha t  bracketing of the c r i t i c a l  vaporization energy threshold 
w i l l  be feasible within the l i m i t s  of the test. equipment employed. 

Since successively lower energy inputs d id  not result in vapc-Iza- 

Re-entry t e s t s  have been completed in  the  regime which is  reactlon- 

ra te  controlled and i n  the t r ans i t i on  flow regime. 
hemispherical samples i n  the reaction r a t e  controlled regime have been compiled. 
Rate data for the  t r a n s i t i o n  flow regime are  currently being analyzed. 

Mass loss r a t e  data  for 

A test  employing potassium vapor over a three-hour period with Type 
11 fue l  did not r e s u l t  i n  proper destruct.  

Four tests were run on 9-inch, 100-gram specimens of Type 111 f'uel, 
employing 40 grams of chlorine t r i - f luo r ide  i n  each test. 
for 1 hOW at about 2 b o C  under vacuum conditions. 

The tests were run 
i 
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duplicate the results of a previous t e s t  where a 2.6-grm specimen was employed, 

as the  channels became clogged and reagent flow leaked around the specimen. 
Specimen weirkt Lases ranged from 0 t o  24%. 

A summary screening report  on chemical destruct  systems has been 
completed, and issued i n  d r a f t  form. 

E. STUDY OF FUEL ADDITIVES FOR ENHANCEMEm OF FLIGHT SAFETY 

The p r e l i b h a r y  f e a s i b i l i t y  report on the use of addi t ives  has been 
completed i n  f i n a l  form (WANL-TNR-114). Four additives were selected from the 
i n i t i a l  screening tests as exhibi t ing t h e  most promising combination of oxida- 
t ion enhancement and mechar.ica1 properties under simulate6 re-entry conditions. 
These addi t ives  a re  rhenium metal, tcngsten carbide, molybdenGm carbide, and 

vanadium carbide. 

Preliminnry r e s u l t s  on the m m t  recent dynamic oxidation t e s t s  for  
fueled graphite, sensit ized f ie1 graphite, and sensi t ized 5 w/c Mo2C a r e  shown 

beiow : 

1 
i 

dn/dt 
(atoms/cm2min) 

1019 
4.82 
0.72 
4.73 
1.43 
0.89 
6.88 
4.82 

4.28 
1c.1 

Percent Weight 
Loss  i n  
10 min 

8.4 
Temp ("CL 

12x3 
1000 
1200 
1000 
900 

1200 
1000 
12oc 
1000 

Pressure Inn) 

0.1 
6.1 
0.1 
0.1 
0.1 
0.1 
0.1 
0.4 
0.4 

Mater is1 

*Reference ( f ie led)  
"Reference (fueled) 
*Reference (fueled) 
**Reference ( f ie led)  
' '.Reference (fueled) 
*5 w/o Mo2C 
-5 W/O Mo$ 
**5 w/o Mo2C 
*5 W/O Mo$ 

1.33 
8.1 
1.91 
1.65 

7.86 

14.54 

18.4 

26.0 
? 

* 
Fired  at lgOO°C. 

sensi t ized at  2 7 5 0 ° C .  
3 Y-  

I n  addi t ion t o  the oxidation rune, the specimens i n  t h i s  s e r i e s  of 
tests a r e  being analyzed by spectrographic techniques t o  determine loss of addi- 

t.ive material due t o  oxidation. 
follow uranium loss, 

indicating tha t  there  was no weight loss of uranium during the test. 

The specimens a r e  a lso being gamma counted t o  
No a c t i v i t y  loss was found for  any of t he  above specimens, 

- 
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Spectrographic analyses of the additive material have not yet been obtainr?. 
However, two effects  are evident: 
the oxidatior. ra te ,  and the decrease In the oxidation ra te  with temperature ie 
less  for  the ?fo2C-bear1ng t;pecimens than for  the Ateled graphite specimens. 
latter effect  suggests the possibi l i ty  that additive3 may sustain the oxidation 
ra te  at lower temperatures for longer times, which would be of Importance i n  re- 
entry ablation. 

an increase i n  pressure ceuecs an increase i n  

"he 
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Item 2.8 'i?l4INING 

The Test Cell A indoctrination course was presented for the  first 

time as a ?.--;-. tun t o  ten  enrol lees  during the  week of 3 June lS3. 
pation i n  t h i s  course was limited to  NERVA en6ineers assigned t o  TC-A and 

t o  t r a in ing  personnel. 

systems engineers f o r  tmin ing .  

P a r t i c i -  

m V A  engineers at TC-A have been assigned t o  LASL's 

Study gxides, v i sua l  aids, and ixstructor lessor1 plans i n  rough 
t en t a t ive  fcm were used during t h i s  presentation. Eowever, experience 

vTth Lhe first t.wo presentations of t h i s  co'irse d i c t a t e  t he  a d v i s a b i l i t y  

of revising and hiproving these d.ccrunents and materials. 

i n  final f o i n  are, therefore ,  rescheduled for completion by 23 August 1963. 
Tkie second presentation of t he  course is srheduled t o  begin 15 July 1963, 
t o  sa'-isiy the  requirements of new personnel. 

The materials ! 

Work on the prepamtion or' sr. itemized, s p e c i f i c ,  t r a i n i n g  plan 

f o r  contract  year 1963-1964 was begun. 

redirected h X  effcrt; canpietion of the plan is  scheduled for September 

'his plan w i l l  r e f l e c t  t h e  latest 

1%3 - 
A aeet ing vas heid on 24 ;une 1963 with Mr. E. Bilrciaga of NASA 

Yesterr. 3perations Office tc c r i t i q u e  the Tes t  C e l l  "A" course and t o  

discuss the t r j i n i n g  program i n  general. 
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Item 2.9 LASL SUF'POFtT 

Thirty-six technical personnel are currently assigned to U S L  

support activiLies. 

I 
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Item 3.0 SUPHRT PACILITIIB 

ml! R c p o r t  2578 - Progru 9- tr Docurpt for laus - m8 

submitted, u d  is t o  serve M 8 buis for revitsion due to 
Unless othervlse instructed by SLIPO-C, qusrtcrly revirlom to the PRD ULIl 
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1. Sub-Subtask 3.1.2, Scale Xodel  R & D Program 

Curing this report period, testing uss i n i t i a t e d  t o  aetelmlne 
the pumping capabilities of tvo secondary e j e c t o r  nozzles i n  conjunct<-? w i t h  
the ?Sector (SST-2f) t o  be used i n  EE-1 and for possible use i n  ETS-2. 

Work is continuing on the problem of supersonic g ~ s  mixing 
at Dy-mdic Sciences Corporation. 
flow rzgicn arrd are being *viewed. 

Eqwtions have been derived for the mixed 

2. Sub-Sub'ask 3.1.3, ETS-1 NFS Configuration 

Leaitage tests of the  SST-2 confLguration continued during 

this  repert period. No improvement i n  leakage capabili ty -as obtaiaed uhen 

the  turbine exhust gases were introducea through two sonic nozzles located 

at. the W A  nozzle e x i t  plane. 
turbine exhaust nozzles and 8 marked improvement i n  the leakage capabilities 

was obtained. The NERVA nozzle and the turbine exhaust flow mte vere then 
s c t  a t  their  design flow m t e s ,  and f lu id  was introduced i n t o  the engine 
camptrrtment t o  simulate leakage from the seals. 
that the m V A  cozzle will flow full uhen t h e  turbine exhaust gases are 

Expansion sections were then added t o  the  

The preliminary data indicate  

introduced sxpersonically at t h e  nozzle e x i t  plane, and when one pound per 
sezond of nitrogen leakage frm the seals enters  the engine canpartment. 
a i r i n g  the next repcr% period, two other methods t o  increase the leakage 
capabi l i ty  w i l l  be tested. This sub-sQbtask (3.1.3) w i l l  be cunpleted 
15 July 1963. .- 

B. suB-sL'B?IAsK 3.1.4, DESIGN OF ETS-1 WCT 

The preliminary design of the  EFS-1 duct was continued duriing 

. 
i' 
i. 

il th is  reprt period i;i the f o l l p i n g  m3or areas: 

1. Sub-scale S t r ac tu ra l  Testinq 

I: 
U 

D.e f ibr icat ion of the sub-scale s t ruc tun r l  rectangular coolant 
passage t e s t  specimen, as awarded :o :mer M f g .  Co., was ccmpleted, received, 
gnd j g s w c t e d  durinn t h i s  =DO rt Deriod. 
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Ihe request for sole-source terting of tht a t n r c t u n l  

speeiatns t o  be awrded Smce Geneml Corpormtion is p e u  approval by 
SIIPO-C. 

The circular coolant -8age 8ub-rcde 8 t r u c t d  testing 
progmm hu, been outlined, and  is prestnt ly  under e v r l u t i a a .  

2. Sub-Scale Seal Testin& 

Additional sub-scale s a l  t ea t l ag  rn conducted dur%a# 

t h i s  report period. A vibrat ion test u s  prfolrcd which subjected tht 

double 8-1, seal flange coupling, end support fixture t o  vibration lads- 

Continuous monitoring of the @e ledcage #L) obtained 

throu@out this series of tests with the  result that no apprecirble leakage 
ULS detected for the  C o n o s e a l  gsskets. 

Further lard induction tests w i l l  be performd in order t o  

establish and verify epasket configurntion. 

Prelimimxy Design 3- - 
Design work during the past month bas concentrated 011 the 

primary and elbow portions of the duct. 
reflecting this e f f o r t  are tabulated below: 

Prellmlnary design dmuI.ng6 prcp.red 

ETS-1 WES Duct Final  Assembly 
Prinary Duct Assembly 
Severance Plane - Primary Du:t 

Upper Primary Duct Support 
Truss -Duct Support Assembly 
Lower Primsry Duct Support 

Sal A r e a  - Primrw Duct 

4. Dynemics Analysis 

Approval has been requested of SlPO for a#rbrng of a contract 

for the dynamics analysis prognrm t o  the Dynamics Science CorpomtiOn as a sole-  
source item. 

L 

1 .  

5. Coolant Flaw Amlysis  

A study ~RLS conducted t o  es tab l i sh  the uater dcpandd of the 

. .  : i  
canplete GI5-1 process-water system. This system included asemptlane of 

1 .  
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pressure drop t h a t  may be present i n  the f i n a l  truss-coolant supply netvork, 
as w e l l  as pressure drop as a function of the duct demand flow rate which 

w i l l  e s t ab l i sk  the coolant fluu system l imitat ions.  Present stress study 

indicates that t h e  truss-coolant supply network is not stress limited and 

will be primarily 

can be adeqtmtely 

water d m n d s  are 

6. 

sized by the water demands. 

This i n i t i a l  study finding concluded t h a t  the NES duct 

cooled with the present ex i s t ing  process system. 

A continuing flow-balance study vi11 be made as the system 

finalized. 

stress 

An evaluation of the tubular coolant channel configurntion 

- 
was conducted during this report  period. 

of SNPO-C's e l a s t i c - p l a s t i c  a n a l y t i c a l  study b-hich substant ia ted the REON 
cyclic l i f e  analysis predict ing spproximat-ely ten engine f i r ings .  

lhis evaluation included a reviev 

A preliminary load and s t r u c t u r a l  ana lys i s  was conducted 

for t he  duct coolant channels specifying thickness, material, and geometry 

for both the tubular and rectangular configurations. Additional e f f o r t  is 
being expended %o optimize the analysis  and hence abtain the  maximum operational 
cyclic life. 

c. SUB-SUBTASK 3.1.5, AUXILXAI~Y GENERA~~RS 

1. Steam Generator System 

Cost quotations f o r  the ETS-1 steam generator s;rstem were 
received from t w c  of  t he  three bidders - The Pllarquardt Corporation &id Thiokol 

Chemical Corporation. Tie 
rpviewat-3 nnii e n  nml>atin,:: - - .--.--- -1.- -.. "..e* 
report  period. As psrt of 

t c  inspect fabr icat ion and 
i n  detail.  The evaluation 

and the choice made from a 
generat o r  hardware. 

proposals submitted by these two companies were 

prceedure was es+aahlished snd initiated &&-hi &%e 

t he  evaluation, v i s i t s  w e r e  made t o  each cmpany 
t e s t  f a c i l i t i e s  anA t o  discuss the submitted proposals 

w i l l  be completed early i n  t h e  next report period 

technical  standpoint of t he  suppl ier  f o r  the steam 

148 Task 3 ,  Page 4 Item 3.1  
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The steam generator system w i l l  be installed a t  Eps-1 on 

the  v e r t i c a l  u a l l  on t h e  f ron t  of the :+and adjacent t o  the  pipe chase; this 

choice is concurred i n  by SNPO-C. A l is t  of f a c i l i t y  modifications required 
inmediately in  order t o  conduct steam-generator system devel-ent t e s t i n g  
during CY 1964 vhs presented t o  t h e  customer. 

p a r t i a l l y  contingent upon the select ion of t h e  steam gerierator supplier. 

These modifications are 

The trailers which had been al located for the  development 

instrumentation and control  system for the SGS from Norton A i r  Force Base, 
California, have been removed from the l is t  of available equipment. 
new al locat ions have been made kom equipnent presently l o c t e d  i n  the United 
Kingdan. It is ant ic ipated t h a t  delivery of th?  trailers w i l l  be made during 
the month of A u g u s t .  

Therefore, 

2. ETS-1 Water System Test- 

The tes t  program plan o r ig ina l ly  es tabl ished f o r  conduct of 
the water system flow tes t  was disapproved by SNPO-C, and copies of a revised 
plan have been submitted f o r  approval. 

p r o g m  without loss  of the major goals - determination of f l o w  d i s t r ibu t ion  
and system pressures available t o  the  Steam Generator System and the IEEWA 

Exhaust Duct. 

This plan reduces the magnitude of the 

D. SUB-SUBTASK 3.1-7, NES INTEGRATION 

1. Duct I n s f a l l a t i o n  and Removal Criteria 

During t h i s  report  period, preliminary s tud ie s  were made of 

the various operations and methods involved i n  the  i n s t a l l a t i o n  and removal of 

the NERVA Exhaust Duct i n  ETS-1. These have incl*&3ed decontamination problems 
and the disposition of the duct after removal fran t h e  test stand. 

From these s tudies ,  a list of Ground RiLes were formulated 

t o  assist the select ion of GSE and h c i l i t i e s  equipment, nnd t o  a i d  the 
operational planning involved i n  duct i n s t a l l a t i o n  and removal from the test 
s tand vau1.t. 

2. Duct Decontamination 

A program plan was established f o r  t he  CY 1963 e f f o r t  i n  which 
a number of tests were outlined. 
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Ziere azv a nmber  of problem areas tha t  require add i t iona l  

study. 

they a r e  ind i r ec t ly  re la ted ,  and 8 finn plan of study is desired. 

items refeireu t o  are: 

Although some of these areas do not r e l a t e  d i r e c t l y  t o  decontamination, 

The pa r t i cu la r  

The e f f e c t  of hypersonic core p a r t i c l e s  011 t h e  
inner duct walls. 
Rnergency remoial of water from t h e  duct as a 
result of abnormal f i r i n g .  

Another area of study invclves the angle of the exhaust ex i t .  

Flame cha rac t e r i s t i c s ,  s o l i d  p a r t i c l e  dispersion, and s i te  erosion a l s o  

require a t t en t ion .  

Although t h e  uain concern is  tha t  of decoritamination, 

those areas t h a t  might influence the overall  design of the duct are receiving 

prompt a t t en t ion  ( f o r  example, hypersonic core p a r t i c l e s  e jected from the 
engine ) . 

An accurate  estimation of the plate-out conditio= i n  the 

Knowledge of duzt i s  the prime objective of t he  proposed t e s t i n g  program. 
such items as l i s ted  below i s  important i n  formulating an  adequate decontamirmtion 

program: 
the radiat ion l eve l  percentage of residual radiation t o  contaminant radiation. 

Mcyt of the s i p - i f i c a n t  items a f f ec t ing  decontamination have 

f issim products and the  quant i t ies  of each, the state c f  deposition, 

been noted and those necessi ta t ing f'iture intensive study o r  analysis  have 

been s ingled out f o r  immediate at tent ion.  

. -  
I 
1.. 
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Item 3.2  TEST STAND 

REON Report 2506, Mandatory Faci l i ty  Additions, Eng ine Test Stand 

No. 1 a t  IIF3S and Addendum, ETS-1 Fluid Requirements VBS completed a. 3 distributed. 

NERVA Design Criteria,  NDC-65, Penetratiorrs, Top Shield, ETS-1 

Engine Compartment was concluded and approved. 

Specificatlons and drawings f o r  the ETS-1 fire protection system, 
and for  f a c i l i t y  additions and modifications were reviewed and cawdents were 
plepered. 

Data on the PERT system f o r  ETS-1 were received from SNPO and 
Comments a r e  being prepared i n  pa ra l l e l  t o  the establishment of reviewed. 

a bi-weekly report system. 

A review of process water system flow tests proposed by NTO was 
: onducted. 

Em-1 Run Tank Torping Studies were canpleted and reported. 

E f f o r t s  t o  establish and upgrade ETS-1 Fac i l i t y  Functional 
Requirements, consistent with engine design and program requirements, w e r e  
continued as follows : 

A. Definition of the Engine-to-kcil i ty Interface. Review and 
revision was continued for  the engine adapter design c r i t e r i a ,  and the 
miscellaneous auxiliary control system requirements. 

B. Evaluatior. of wave phenomena i n  the emergency cool-down and 
similar systems was conducted. 

C. Review and updating of exis t ing design c r i t e r i a  was performed 
t o  further define ETS-1 functions. 

D. Review and revision of PERT and manpower requirements was held, t o  
assure that  they are appropriate f o r  the steam-generator system and " t i n  can" 

duct tes t s .  

E. Revision and expansion of 5"s-1 operat.ing procedures and count-down 
schedule. 

F. A review was made of Cold-Flow Test System propellant supply l i n e ,  
f o r  possible integration in to  3S-1. 
1 5 1  Task 3, Page 7 It- 3.2 

... . . < .  . . .* .. . .. . 
e . .  . . .  .. 
e. ... *: :,. : : ,; . * a  : : : :,, 

I 

F 



Feyort No. k;5w,-L+i4 

Item j . 3  ETS-i INSTRUMENTATION A N D  CONTROLS 

A. 2,iLmJ 

REON is cwrent ly  reviewing, t:ie LTS-L i & C  System "Design Package" 

s u L m i t t e c l  t y  2 W .  This packae;e represents the complete s y s t e m  and su isys te rn  

scope i e f i n i t i o n  i n  te rns  of operatioaai, functional, and safety requirements, 
and w i l l  proviLe a l l  enjineering informatian necessary f o r  se lec t ion  of  referral 

items, ii' require& due t o  flmdinb constraints.  RE3N revie'*. disclosed t h a t  

tile package was ne+, complete a n 3  ZG&C a n i  3PCl  vere 5 3  not i f ied .  When the 
pazAtl2;e h a s  beeti apprsvei. it w i l l  i e  .iefiKed as the IkC System ar,d Subsystem 
2es ig  Freeze. 

an 3 and ,+ J.LLy 13uj at, I?XON/Azusa. 

RZ3N review comerits are sciieiiiiled t o  Le presented t o  SNPc-C 

This package zons i s t s  31' 

242 "F" s ize  irawings 

Design Data - u v o l m e s  

Miscellaneous Zxhi'ci t s  : 

31 Speclfications 

T.V. Camera Motion System FFP ll63-lOE 
2 drawings 

The ZTS-1 ljiesel Generatw t e s t  specificztior. has  been prepared 
cy F E 9 N  and submitted tc, SNP3-C f o r  apprwal and has Leen subsequently approved. 

E O N  w i l l  d i r ec t  A N  personnel making the d iese l  ?,enerator tests. 

Tne current requirements f o r  %he Meteorological System have been 
6.hmitted t o  SNPO-7 for concurrence pr ior  t o  submi t ta l  t o  EC&C as technical di- 
rection. 

Addendum No. 8 t o  the ETS-1 I&(! S r i t e r i a ,  Duct and Shield Monitors 
hr:, i em p.xpared and siiLmittcJ Lo 31PQ-C f o r  concurrence p r io r  t o  submit ta l  t o  
%?cG as technical. 

The Des i3  Criteria1 for tne ernerpxcy-coolant -flow-measurement 

pipe spool has been revised an3 re-suimitted t o  SNPO-3 as Revision "A". SNPO-C 
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concurrewe W ~ S  received, and the c r i t e r i a  was subsequently transmitted t o  EG&G 

as technic: .:..t.ction. 

E O N  has reviewed the common-excitation power-supply scheme as 

proposed by EGEcC. REON presented technica l  data supporting t h e i r  proposal f o r  
zingle-channel excitation-Ldwer Supplies t o  SNPO-C on 14 June. 
sequently concurred with the REON proposal 

SNPO-C sub- 

Work is i n  process, and will ccntinue, in  the following areas: 

1. Resolve drawink t i t l e  Islocks with SNPO-C. 

2. Review was submitted t o  SWO-C of !?G&G recomnendations, and 
UON's suLsequent recommended a l t e rna te  approacn, concerning the ZTE-1 neteor- 
oiusical  s u i s y s  tt3h ~ c ~ ~ ~ I I ~ .  ' L \ b i s  I Leu c w n u i  Le coinpleted, pendhg approval 
from SNPO-C. 

;. 
4. 

Review inte-rotlct, ci' Z X  (r'n,,ine S i m L s t o r  ani Checkuat). 

Review Fac i l i ty  Modification Design Data F i l e  (Rev. B . ) ,  and 

Fac i l i ty  Moaificatian Test Star.3 Terminal Boxes (sheet 5 of 10) (Rev. A. )  

5 .  Review EG&C Television Camera Motiofi System, RFP ll83-lOB. 
Package includes Mechanical Equipment, Rel iab i l i ty  Design StandRrds; Attachnent 
A (BF 450]), Srawilgs BB-b>W, B7-5321, BE-lcib, BF-lb25, BE-1786, and BE-1799. 

6-  Review SNPO-C comments on ETS-1 I&C Design C r i t e r i a  Addenda 

5, 5, and U. 

B. BBVIEW OF DOCUMZNTATION 

1. Review of ECl(tC Documentation, D e s i g  Phase - 
Approximately 95% of t h e  "Design Package" stlbmitted by EG&G 

has keen reviewed and comments have been prepare&. 

2.  Review of EC&G Documentation, Functional Specifications, De- 
tailed. Preliminary Design Documents, Standard/Special F'unctioiial 
Family 'l'rees 

Approximately 3C$ of these documents have been reviewed and 
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commented upon. 
being revieut .1 

The remaininy 10% have e i t h e r  not been submitted, o r  are cur ren t ly  

part of the "Design Package." 

C .  GENERAL REVIEW AND CLARIFICATIONS 

Detailed review and c l a r i f i c a t i o n s  were made by REON, with sub- 

sequent t ransmi t ta l  t o  EG&G, o f  the following: 

1. Television S;.stem 

REON noticied 3C&G t ha t  the T.V. Motion System, mt.-1183-10~, 
na3 not been submitted f u r  review p r i o r  t o  transmittal t o  bidders. These data 

are cur ren t ly  being reviewed, as o. rniscellancous exh ib i t  o f  the Design Package. 

2. TC&P System 

REON defined the steam generator and duct cabling requirements 

of 14 Febraary and reconfirmed by TGiX on 4 Jme.  

cabling carmot be defined penling d i rec t icn  from SNPO-C. 

Tie terminal boxes f o r  t h i s  

E O N  defined the  EC and REC requiremetits page 165 of t h e  

averal l  preliminary design packake. 

3 .  Control Point Buildinn I&C Equipment Proposed Layout. 

Z O N  revised d1-awir.g I C C - 2 0 4 C ,  sheet 1 of 6 and submitted 

I C C - 2 0 4 D .  

vious d i rec t ion  i n  the  system design. 
EG&G was d i rec ted  t o  u t i l i z e  t h i s  drawicg which supersedes a l l  pre- 

4. F a c i l i t y  Modifications, Test  Stani! Tcrminal Boxes 

> 

! 

EG&G was d i rec ted  by REON t o  display the  remote-purge loss 

indication on the safety graphic panel i n  the  Control Room. 

5. Equipment Rack Layouts 

REON defined the la tes t  requirements f o r  equipment rack lo- 
cations and scheduled a j c i n t  review during reviews of' the  Design Package. 

6. Signal Conditioning Requirements 

REON directed EG&G t o  modify a f f ec t ed  designs t o  provide f o r  

i 

I' - 
Task 3 ,  Page 10 Item 3 . 3  LA. 154 

< < .  . .I 
r .  . - .  . a .  * , . . 0.. . . .  , .. - *  , ,. .. . a 0. .  ' 

. .  . .  ... 



individual excitation power supplies instead of common excitation power supplies 
as prcposel! I J  .1;sCC. 

REON defineci requirements for  temperature transducer=; in-  
cluding zero o f f s e t  t i r i l l  ctandarii ranges fo r  RTT crincnolc. 

I 

D. SYSTEMS COORDINATION 

EEON personnel were active during this reporting period in  the 
followin& technical coordination, design review, mi3 l i a i son  meetiligs: 

1. j1 May (not covered i n  May Report) 

E O N  personnel participated i n  a f i e l d  survey of locatioils 

f o r  oxygen and combcstible gas sensors a t  NRnS w i t h  REON Test Operations and 
.A&C personnel. Definition of lccations resulted from t h i s  survey. 

2. 5 an?. Q J u e  

REO?! personnel attended the Fazility YodLfications I n i t i a l  
Design Review meetings, coverine, cable  trays and tes t  stand terminal boxes, a t  

*:I;&G/Las Vegas. REON comments presented a t  these revie’ds w i l l  be incorporated 
in f i n a l  d e s i 9  data t o  Le presented at a laLer date. 

3 .  6 and 7 June 

REON personnel attended a design-review meeting at EC&G/ 

Boston re la t ive  t o  equipment rock space a l loca t ion  and power supplies. 
sions reached inclJded the relccation of racks from the CPR t o  the FCR and the 
addixion of racks f o r  the REC system. 

Conclu- 

4. 10 June 

E O N  personnel v i s i t e d  SNPC-C relative t o  evaluation of Data 
It was concluded a t  t h i s  mcetinll; t h a t  EC&G should furnish Reduction equipment. 

the fdrther evaluation of three recommended machines. 

5 .  1 4  June 

REON personnel participated i n  technical discussions a t  SNPO-C 
re la t ive  t o  individual e x c i t a t i m  power supplies as 2roposed by RBON i n  comparison 

-~ -~ 
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with cormpwl exci ta t ion pober supplies as proposed by E M .  
wi;h the FWX: Sr-dposed scheme resul ted i n  Lppropriatt direction t o  ECM;. 

m e t i n g  vas designated I C  Meeting No. 11. 

cllmented i n  minutes of meeting prepared by E a .  

SWO-C concurrence 

This 
CoPments and agreements were do- 

6 .  13 June 

REON personnel v i s i t e d  Packerd-Bell, Santa Monica and h-aheim, 

$0 evaluate the Model-440 Data Processor. 

7. 17 and 18 Junp 

REON wrsonnel v i s i t e d  NRDS t o  cmrdinate  the t e s t  equipment 

rzquired for the LTS-1 Diesel Generator tests. 

8. 19 June 

EEON personnel attended tC&!nical conferences w i t h  E W  
persomcl  at REON/Azusa t o  review signal conditioning requirements. 

requiremats  were reached an3 documented. 

Technical 

9. 20 June 

-%ON Personnel participated i n  a f i e l d  survey of the TV and 

Stat izn locations are defined. photo s t a t i o n  locations a t  NRDS. 

i 
i 

10. 21 June 

REON personnel par t ic ipate4 i n  the i n i t i a l  de.cign review 

meeting, covering f a c i l i t y  modifications and building modific3fions w i t h  E M  
personnel at EC&C/Las Vegas. 

Qf t he  meeting taken by E m .  
Comments and agreements were documented i n  minutes 

11. 21, 24, 25, 26 June . .  

REON personnel attended the ETS-1 I&C Gystem Desi@ Presentation ; 
i kiven by EG&G a t  SNPO-C as observers. This meeting was designated as I&C meoting 1 .  

No. 13. Minutes of meeting were prepared by EG&G. 

i 
I 
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i2. 24 June 

REON personnel attended a technical meeting at SNPO-C with 
E G G  personnel r e l a t i v e  t o  the Data Processing requirements. 
agreemnts w e r e  documented i n  minutes  of meeting ti&-\ by E G U .  

Comaents and 

13. 27 June 

REON I&C group attended a pxxsentation of the present IM: 
System design concept a t  REON AzLsa. 
Znginc Design group, SNPO-C engine personnel, REON Test Operations, NES Design 
and Engine Controls, and LFP-Sacto- 

IK attendance were personnel fram the 

14. 19 and x) June 

FEW persorael attended I&C Meezing No. 12 a t  REON/Azusa 
dith UANL and ECM; personnel. 
requirements. 
+&en by EmC. 

Purpose was review of the signal-conditioning 
Agreements and conments were documented by minutes of meeting 

i 
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Item 3.4 TESP STAND 

The Engine Dcvelopnent and F h c i l i t i e t  Support Progrsms are being 
c o n t i n u n u  mni tored  t o  disclose any changes that 

and caupletion scheiule. 
a f f e c t  the BTS-2 design 

A SNPO FEON meeting was held on 26 June t o  discuss revisions 
to  the Flls-2 Criteria Report (-Xi seeport 2502). 

reached and a dead-lim of 1 5  July m s  fixed. f o r  publication and del ivery 
t o  SIP0 of the mvised report. 

Revision agreements vere 

A PERT Network of ETS-2 engineering and constructf.on issued by 

SNPO-C (CatCo) has been received by REO% 
for ETS-2 w i l l  necessi ta te  same modification of the netvork. 

The decision t o  use a =:1 HES 

i 
i 
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I t a  3.5 E-MAD BUIIDING 

A. OPEflATIOHAL R E Q m a S  

lQERVA Operational Requircncnts uere expaaded, updnted, d c!ari- 
fled to assist the A&E in upgrading design criteria, aad in formulating final 
designs for the roiiovlng: 

1. Post-Operat.ivt Area Door Interlock System for control a d  
safe operations, traasPritted 27 June. 

2. Haterials Lugistics and Sys- Conceptual S t e  for transfer 
betucen post-operative cells 165 and 166; to establish definite dimensions for 
the construction provisions of the system transmitted by RIX Message 100. 918, 
dated 21 June. 

3. E-MAD Radiation Monitoring System, Phase I ard Phase 11, 
transmitted 17 June. 

4. Prelrminary Outline for Shielding Integrity Check on E-HAD, 

txansmitted as 17 June. 

5. Feasibility studies of E-MAD to a c c w t e  NRX. Thcse arc 
being accoDlplished in three phases: 
Phase I1 Stdy tl1~8 transmitted 2: June; and Phase XI1 S t w  Preliminary Deta 

8 a s  tmumitted 12 July. 

Phase I Stu3y was transmittel 4 June; 

HERVA Operational Requirements currently under atudy are: 

1. Phase 111 of Feasibility Study for E-HAD Facilities a& 
rail& spur to accCIPlOdatt HRX. 
and equiplent required to accoaaodate, concurrently, E-Ensine anb loRx Opera- 
tions in the E-MAD Camplex. 

2. 

This s t w  will define additional fhcility 

Plots of the vicwing volvmes for 38 wlrdows, a8 opposed to 
48 vindows, of the E-MAJ) Phase I. 
the opembllity of the E-MAD Caarplex with only 38 of the possible 48 windovs 

installed at time of beneficial occuI;sncy, as requestd on 13 June. 

The data iilclude conclusion8 relative to 

........ . . . . .  
. . . . . . . . . . . . . . . . . .  - 1  
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B. DESIGN REVIEW 

in sccordancc with SNPO-C Procedure for Amroval and Distribution 
of the Drawings and SDeZifications Prior to Award of Construction Contract. 

Revision 111, dated 27 November 1962, all of the E-MAD Phase I1 (For Approval )  

Drawings and Specifications of the 200, 300, 400, and 700 Series =re re- 
vieved, aml the caments transmitted by TWX to SNW-C. 

toring System Dravings (in the 100 series) are yet to be completed. 
is to be based on SNW-C decisions at a Radiation Monitoring meeting to be 
schedded by SIQPO-C. Revieus were completed of 143 Phase I1 drawings, and 

transmitted to s m .  

"Y" Rsdiatioo Moni- 

Review 

NERVA Operational, functional, and safety requirements were made 

definite, as required, in order to conduct a comprehensive review of E-MAD 

design. Specific items and areas expanded during this reporting period or 
vhich are nov in preparation, or for which transmittals =re mede to SNPO-C, 
include: 
bility between Cells 165 and 166; continued development of a system concept of 
control; and segiented portions, etc., of the bus-rail system in the E-HAI) 

Post-Operative area. The door-interlock system and material-transfer require- 
ments for utilization of the south end of the E-HAD, were also finnly clarified, 

88 directed and requested by SK.G-C. 

plug door special equipment (pass-thru) to provide transfer capa- 

A meeting was held b€th SNp3 at Cleveland on 4 and 5 June to 
clarify SNP0-C actions or decisions relative to REON/UAHL review camacnts on 
E-MAD Phase I1 drawings ami specifications, snd to delineate the requlmnts 
for a safety (audio-visual) alarm s;ystem for the south end of the E-MAD 
Building. 

construction were ais0 disc--sed. 

Requirements for radiation-monitoring provisions In the E-MAD 

A meeting tas held with SW0-C personnel at Clevelmd on 28 June 
to discuss requirements and to define the following: 
area door interlocks, material transfer, apd the utilization of the south end 
of the building, as prepared and submitted to SRP0-C. 

E-MAD Post-Operative 
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A. 

.. 
C. E-MAD ACTIVATION PLANMNCI AND PROCEDURE 

Preparation and transmittal was continued on the follovlng recan- 
mended equipment lists for E-MAD: 
health end safety equipment, general purpose fire equipment, and master-slave 
manipulator equipaent . 

rectilinear manipulator systcms, general 

Preparation of' the E-MAD Activation and Opcmtions Planning Suide 
continued during this reporting period. 
the E-MAD Phase I Cold-Bay Activation Section. 

The guide is about 2aqb complete for 

Review of E-MAD Phase I1 drawings and specifications continued. 
and pertinent conments Yere transmitted. 

Work camenced on the feasibility study of the E-MAD building to 
accomnodate an NRX reactor test program. 

1 .  

-. 

t i  

; i ;  
t 
I 

. 
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Item 3.6 REACTOR DEVELOF" FACILITY 

The LASL cold gas mixer vas i n s t a l l e d  i n  the T e s t  Stand a t  Test 

Gel1 A. Flow tests w e r e  conducted u t i l i z i n g  open-loop, or ma;?ual control ,  of 

the mixing process. The results of these tests indicated t h a t ,  for the  f'iou- 

rates and mixing r a t i o s  imposed, t he  mixing chamber was adequate and the system 

performed s a t i s f a c t o r i l y .  

loop, o r  autciaatic control,  w i l l  be u t i l i zed  f o r  those tests. 

More flow tests are scheduled for 24 Ju ly .  Closed- 

Procurement w a s  i n i t i a t e d  for the addi t ional  ly5 channels of w i d e -  

band s i s a l  conditioning data-acquisition equipment for T e s t  Cell ' A ' .  

Six of the f i f t e e n  documents cmcerning Test C e l l  A F a c i l i t y  sys- 

tems operations are being printed. 

w i l l  be i n i t i a t e d  i n  the near future  i n  support of the  operator t r a i n i n g  pro- 
gram t c  be conducted at  the Reactor Develo-nt Fac i l i t y .  

Procedures for Control Point operations 

Analysis continued m an enrergency l i q u i d  c o o l - d m  system for 
Test C e l l  ' A ' .  

Work is  continuing m documenting: the As-built conditions and cap- 
abilities of Test C e l l  A f o r  NRX tes t ing.  

Further studies were continued on the t r ans l a t ion  of wide-band F'M 

data t o  a form su i t ab le  for d i g i t a l  computer inputs. 
design cf the  wide-band instrumentation was reviewed and is  sa t i s f ac to ry .  
work is now being coordinated by Test S i te  personnel, and b ids  for the  wide-band 
equipment have been received by LGbr. 

The LASL - E W  preliminary 
This 

t 

i. 
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Item 3.7 RADIATION EFFECTS FACILITY (R!LFl 

On 1 June, REON established, by TWX t o  SNPO-C, a t a r g e t  date of 
1 2  June 1j6j f c r  trmsmittal of REON'S Preliminary Data Requisition System Re- 

quirements f o r  NARF. 

On 5 June, REON established, by TUX t o  SNPO-C, a t a rge t  date of 
1 July for REON'S PFS hardware interface drawing, and a similar data of 1 5  Ju ly  

for FtEON's instrumentation interface drawing. 

REON was infonned by SNPO-C of a proposed meeting t o  be held a t  

SNPO-C 18-19 June t o  review and discuss M. W. Keliogg's conceptual flow diagram 

for NARF. 

REON received from SNPO-C on 12 June a copy of M. W. Icellog's COR- 

ceptual system flow diagram. 
a cmbined l is t  of qaestions and comments was compiled. 

This package was reviewed by FEON and LRP, and 

On 14 June SNPO-C established with REON the agenda f o r  the 18-19 
REON a l s o  asked for and received from SNPO-C, an extension of June meetings. 

the submittal  date f o r  t he  Preliminary Data Acquisition System Requirements. 

FEON and LRP personnel attended the 18-19 June meetings a t  SNPO-C. 
As a result of these meetings, M. W. Kellogg w a s  directed to proceed with a 
simpler process system. 
Facil i ty be changed from 20 t o  10 minutes, together with the relaxation of 
several f a c i l i t y  operating requirements. 
the effects  of t h i s  redirection of the PFS t e s t  program. 

SNPO-C directed t h a t  the maximum rm t i m e  f o r  t he  NARF 

REON was requested t o  comment concerning 

In response t o  a SNPO-C request, Mr. McKeon of M. W. Kellog v i s i t e d  

LRP on 26 June. 
hardware interfaces were established. 

h r i n g  t h i s  v i s i t ,  the ground rules for  es tabl ishing the PFS 

Task 3, Page 19 Iteu 3.3' 163 
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Item 3.8 NRDS RADIOACTIVE MATERIALS HANDLING, DECONTAMINATION, 
AND STORAGE COMPLEX 

REON Report 2584, &rational Requirements f c r  Radioactive Materials 

Handling, Decontamination, and Storage Complex at NRDS, was completed and sub- 

mitted on 17 June. 
the task f a c i l i t i e s .  

This report  served as the basis for t he  design c r i t e r i a  f o r  

The Minutes of t he  28-23 May Technical Meeting, held i n  Azusa t o  
review Task Programs, were submitted on 4 June; and the Approved Minutes were 

submit.ted on June 14. 

Action-item-summary-reports were submitted t o  SNW-C on 4 June an& 

20 June. 

The design c r i t e r i a  for t he  k d i o a c t i v e  kterials Complex Fac i l i -  

This satisfies the 1 July 1963 Milepost. 

t i e s  were completed i n  pnl iminary  form and submitted, f o r  approval t o  SNPO-C 

on 25 June. The submittal  consisted 
of t he  following documents: 

REON Report 25% - b d i o a c t i v e  Materials H a n d l i n ~ .  Decontauination 

and Storage Complex Desi@ Concept and Criteria 

REolo Report 2592 Supplement - Detail hta fo r  Cost Summary i n  

Report 2532 

WON Report 2603 - Engine Transport System Maintenance Building 

Desim Criteria 

REolQ Fkport 2603 Suppleaent - Detail Data f o r  Cost Summary i n  

&port 2601 

-RE?!? -Wp~.t  2532 presenuts pA%1i&xwy & ~ l . g i  ci i te i ia  ui';ii smceptuai  

designs of the  following f a c i l i t i e s :  

Decontamination Fac i l i t y  
Hot Engine Hold Fac i l i t y  
Warm Par ts  Storage Fac i l i t y  

Spent Fuel Storage F a c i l i t y  
Radioactive Waste Disposal Fac i l i t y  (Burial) 

(High Act ivi ty  6 Low Activity) i 
c 
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Upgrading of the design c r i t e r i s  was i n i t i a t e d ,  and a meeting i s  

planned i n  early July t o  review SNPO-C connnents on the above documents. 

Tdsk 3, Page 21 Item 3.8 



- 
Report No. ~0560-10-24 

It= 3 9 R I F I  STAGE DEVELOPMENT FACILITIES 

There was no activity on this task  item during t h i s  report period. 

I 

i 

i .  
E. 
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Item 4.1 PROGRAM PIAHNING AND C O I J ~ O L  

Definitfcn of Coiltract Year 1964 program was continued, t he  

1963 Program Plan was upgraded; and the  NRX Demand Networks were upgraded 

t o  re f lec t  the  above def ini t ion.  

One program control representative was assigned for detailed 

schedule coordination of NRX-A-1 and a s s i s t e d  the  NRXdA-1 Task Force i n  

preparation of a composite NRX-A-1 network. 

Normal bi-weekly PERT reports were prepared and submitted t o  

SNPO-C as required. 

I i 

I 

8 

f 
I C  

169 Task 4, Page 1 Iteu 4 .1  

.. 
b 

--- " 
........ ..-.- .. _._-. ..................... 



BLANK PAGE 



L ... .. . .  . . .  

- 

Report lo. ~0560-10-24 
~ 

Item 4.2 FISCAL CQWEtOL 

Preparation of the Progn Planning Docvment for CY 1964 vas 

initiated during this report period. 
May Progress Letter was prepared and submitted to SNPO-C. 

ate Mouthly Fiscal Supplement to the 

170 Task 4, Page 2 Item 4.2  
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I tem 4.3 A9DITIONAL -TION 

The following additional documents were prepamd and published by 

rn during the report period. 

REm 
heport No. 

2585 

2584 

~0560-10-23 

LMO-10-23 

LW6560-10-23 

2592 

26c3 

2743 

2543 

2320 

-33 

-34 

Date 
Transmitted 
6-8-63 

6-17-63 

6-10-63 

6-18-€3 

6-22-63 

6-27-63 

6-30-63 

6-30-63 

6-39-65 

6-1-65 

6-11 -63 

T i t l e  

Evaluation & Canperison of 
Atti tude Control Systems for 
Spacecraft NEFNA Engine 
Operational Requirements for 
hdicsactive Materials Handling, 
Decontauinaticm, & Storage, 
Cwplex a t  N'PJS 

Ikndatory Fbci l i ty  Additive 
Engine Test Stand No. 1 at 
m 
Infolmal Monthly Progress 
Leafer No. 23 
Reliability & Quality Assurance 
S p p l m e n t  t o  Monthly Progress 
Lezter No. 23 

Fisrs l  Sapplement t o  Monthly 
Progress Let t e r  No. 2j 
Radioact rve Materials Handling, 
%contamination, and Stonrge 
Cmplex - Design Concept & 
Criteria (Preliminary) 
Engine Transport System Win- 
t e m c e  building Design Criteria 
Data Obtained fran F i r s t  
I r radiat ion Test of Structural  
Materiels 
Final Report, ;eneration I1 
NERVA Engine Simulator 
Instrumentation Data Book 
(Revised) 

Weeav H i g h l i g h t s  Report 

Weekly H i g h l i & t s  Report 
(Inrx) No. 34 

(m) No* 33 

! 
Report I 

Class i f i ca t ion  i 
C : 

cjm 

U 

U 

U 

U 

U 

c/  

GIRD 

U 

U 
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Date Report 
Report No. Trammitted Title Classification 

-35 6-18-63 Weekly Highlights Report 
(33x1 No. 3s 

U 

-36 6-25-63 Weekly Higkligtrts Report u 

-9 64-65 Weekly Significant Events & c/ RD 
(noC) No. 36 

Reactor Cmponent Test 
Program Progress Report No. 9 

-lC 6-12-63 Pmgress Report No. 10 
-11 6-18-63 Progress Report No. 11 
-12 6-25-63 Progress Report No. 12 

63-18 6-7-63 PERF Report 
63-19 6-21-63 PERT Report C 

l -  
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Item 4.4 MTA SYSTR4 

Ihc en@.neerlng data, and the doc-ntatim system and procedures 

for reviev and approval of drawings w e r e  tnrnsmitted to SlIPo-C i n  prrlimiauy 
form. 

me E.C. & G. dmvings have been entered into the engineering 
data system, and a system hrs been established for status control. 

' I  
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1. Subcontract NP-1 - Westinghouse 

Signed copies cf Amenbent No. 2 t o  Supplemental Qreement 
No. 2 vere for-&& for Contracting Cfficer approval. 

Discussions r e l a t i v e  to  CY 1964 and 1965 and FY 1w and 1%5 
were cmtiriued. 

2. Subroctract NP-2 - Bedix  

I?cV Actuator Mdel  NT-B-4 Se r i a l  No. 010 vas shipped to  
Azusa on 28 June. 

The first s e t  of experimental systems amplifiers uas re- 
ceived at  Azusa. 

The pmpased NP-2 work statement f o r  Contract Year 1964 was 

rotwarded t o  Bendix. 

3. Subcontract NP-3 - AMF 
The l e t t e r  silbcontract was extended. 

Proposed a o d i f i c a t i m s  t o  the AMF Buffalo plant involving 
rail l i n e  extension, switch, ad p i t  a r e  under review. 

Three technical service agreements were received. 

The proposed Amendment No. 1 t o  Supplemental Agreement No. 2 
! 

VBS forwarded t o  AMF. i 

Approved copies of SupFlemental Agreement No. 2 have not 
I 

i .  
I yet been received from the  contracting officer. 

i '  
The proposed NP-3 work statement fo r  Contract Year 1963 was 

I ;  forwarded AMF. 
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4. Subcontract NO-10 - hneral acctric .  Vallccitoe 

All outstadiag contractual issues vlth Gtneral Electric uere 
resolved, sad the subcontract was forwarded to  General Electric for signature. 
An advance copy was forwarded to Cleveland. 

5. Stetam Generator System 

Pmposals vere received from I48rqurdt and Thiokol. Rocket- 

dyne respoaded with "no bid.': 

6. Resistance TcmWrature Themeter 

A request for proposal was forwarded to  General Electric, 

West Qnn, Mass. 

B. RM)HPURCfiASEORDERACTIVlTY 

Originator 
Azusa 

LRP 
Aetron 
Downey 
WANXI 

Bendix 
AMF 
E G & C  

GD/FW 
Total 

Amitis Action, 
First of Report Period 
Action Completed, 
hrring Report Period 
Amiting Action , 
End of Report Period 

No. of 
P.O.'S 

1 

11 
1 

- 

29 
1 

3 

46 

11 

31 

12 

Total Dollar 
Value 
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Item 5.0 SPECIAL TEST EQUIPMENT 
UAtiL 

Work cont inued on the design of special test equipment for 
actuator component testing. 

for radiation tests at CTR. 

Additional equipment vas designed and ordered 
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Item 5.1 SPECIAL TFST EQUIPMENT 
ACC (LRP-TEST ZONE "C") 

Ilsbricarion of the TSCV vessel f o r  Test Stand C-7 i s  prxeeding  

accorc?ing ts agreements rea-hed a t  a meeting i n  Cleveland between personnel 
of ShTO, E R O N ,  hnd liEOPi. 

callouts, non-destructive t e s t i c g  , and q m l i t y  assurance controls.  
h e s e  agreements cxcerned  de ta i ied  welding 

Specifications and contract  &sings were completed covering the  
ins ta l le t ior ,  of the  TSOV vessel apd reiated pipicg,  ana cost  quotation: 

w e r e  req-dested during the l a t t e r  mrt of t he  period. 
i n s t a l k t i o n  w i l l  be t t e  r e l o c s t i m  and ext.ension of the  Test Stand C-7 
flare stack over t o  Test Stand C-6. 
poss ib i l i t y  of exhaust flame damage t o  C-6 during high-pressure TPA t e s t ing  
on Test Stand C-7. 

Included i n  the  

This is being done t o  avoid the 

Design criteria f o r  t h e  ins -a l la t ion  of Test Stand C-6 supersonic 
d i f fuser  were prepared and transmitted t o  PETRON f o r  final design preparation. 

A c t a i  stand in s t a l l a t ion  of the  d i f fbse r  has been deferred u n t i l  the  ear ly  . .  

part of 1964 because of the  revised t e s t ing  program. 

Desi@. work progressed on the modification of Test S+and C-6 
t o  sccomociate NRX-A nozzle t e s t ing ,  scheduled f o r  September. Design work 

asscciated with TPCV te s t ing  on Test Stacd C-7 was i n i t i s t e d .  

.- 

I .. 
T -  
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Item 5.2 SPECIAL TEST EQUIPMENT 
ACC (LRP CRYOGENICS LABORU"IQY - TEST ZONE "A") 

Design e f fo r t s  associated w i t h  TPCV t e s t ing  were completed, and 

fabrication of the required STE hardware was in i t ia ted .  

Bids covering the faL-ication and ins ta l la t ion  of LH2 transfer 

pipinq systems were received. 
a f t e r  award. 

Completion of the contract is expected 30 days 

A delay i n  the completior, of the TPCV test setup was caused by 
late receipt 0" necessary components from vendor suppliers. 
items uere s t i l l  needed a t  t h e  close of the report period. 

Portions of these 

I 

i 

i 
- .  

! 
C .  
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I t e m  5.3 SPECIAL TEST EQUIpMlpsT 
AGC (lXP - TEST ZONE "H" ) 

All nezessary pieces of vas-m-insuiated pip ing  were received i n  

Test Zone "h'", which allowed on-sta,?d pipirig i n s t a l l a t i o n  work t o  proceed. 

Contractor-installation of t h e  mechanical STE continued throughout 
t he  period, wi th  considerable progress noted on GH2, LN2, GN2, IO2, and GO2 

piping systems. Overa l l  percentage of completion i s  approximately g ~ $ ,  as of 
t he  end 3f June. 

I Effor ts  were expended i n  the preparstion of contractor-activation 

procedu-es. 
t o  t he  contractor for t h i s  price determination. 

Tne work encompassed by the ac t iva t ion  bid package was presented 

A second-shift operation was put i n t o  e f f e c t  by the e l e c t r i c a l  
contractor as part of an accelerated e f f o r t  t o  complete instrumentation and 

control STE i n s t a l l a t i o n  i n  Test Zone "H". 

Completion of  contractor-activation of Test Stands H-4, 5 ,  & 6 
is presently scheduled f o r  16 August. 
completed 16 September f o r  TPA t e s t ing  on test stand H-6. 

Activation t y  RmN personnel will be 

Aetron began redesigr, o f  ?;he hct  hydrogen heat exchanger required 

by recent fabr icat ion specifications of SNTO. 

temperature heater sect ion must be redesigned t o  conform t o  latest ASME code 
requirements. 
date of 15 November w i l l  be affected. 

As directed by SnJpo-C, the  high- 

A t  t h i s  t-e, it is not ant ic ipmed t h a t  the proposed delivery 

Contractor-fabrication of t l e  e j ec to r  system for  Test Stand H-5 
was completed, and preparations were made for shipment t o  AGC-LRP on 1 July.  

Fabrication of t h e  gas generator f o r  TPA t e s t i n g  was s ta r ted .  

Design of the  e l e c t r i c a l  controls for ttAe WA test  setu:, was a l so  i n i t i a t e d .  

Design work associated with the LH2 TSOV support systems and modifi- 

cations t o  H-4 ,  5 ,  & 6 f o r  blast effects was completed. 

L .  
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Report No. ~0560-10-24 

I t e m  5.4 SPECIAL TEST EQUIPMENT 
AGC (STE - AGC), AZUSA PLAN" 

Component scat ic  and m i c  checkouts were made on the  first 
modified PACE l3lR computer. 
t o  be not completely compatible with the E.A.I. Adios automat:c set-up 
unit .  
The l 3 l R  computer will be fixed by 19 July 1963. 

The Comcor autoslat.ic equ ipen t  has proven 

Comcor has been notified and is working on a solution t o  the  problem. 

The shipping date f3r the second l 3 l R  console t o  Comcor has 
been tentatively set at 22 Ju ly  1963. 

1. 
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Report No. ~0560-10-24 

Item 5.5 SPECIAL TEST QUIPMEnur 
AGC (rn - AGC) OOWNEY PUNT 

Approximately 809 of the electronic equipment and instruments, anG 
3oqb of the phdtographjc equipment, needed In support of Task Item 1.6 has 

been rex ived .  
has yet been acquired. 

approximately 608 of the to ta l  funds allocated for Task Item 5 .5  STE. 

None of the required meteorological or radiological equipnvent 
The STE received t o  date represents an expeni l ture  of 

I .. 
r 
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Report No. to560-10-24 - 
Item !, 8 SPECIAL TEST EQUIPMENT 

AGC (IBP BUILDING 33a8 - "ZYPERATURE I A B O R A M R Y l  

A declsion was reached regarding t h e  fabr icat ion and procurement 

Cett?iled design of the  LX -Neon cryogenic temperature-calibratlon f a c i l i t y .  

work and specification preparation was i n i t i a t ed ,  and t h e  n e c e s s ~ r y  items 
w i l l  be procured from outslde vendors. 

completed by UP. 
the cryostat. 

2 

Overall unit  rabr lcat ion w i l l  be 
It i s  expected tha t  nine montns w i l l  be required t o  complete 

- 11 185 Task 5, Page 7 Item 5.8 

. . . .  ... : : ;*: .. : '  . . . . . . . . . . . . . .  .................. ................. . . ..... ........ ... 
-.--II---.__ , .___..___. i 4 7 

. ,. 

" ~ - - -  

. . . .  
,* ' '+* . . . ,  . 



! 
.. . . . . .  . .  . .  

Design work aSSOCiated uith the special vibration tquipmmt for 
The control console and data acquimition systtm TCA testing ULS cqleted .  

are essentially ~ q l e t e .  

-- 
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Report No. IX)560-10-24 

Itea 6.2 mVERm(wT P R O ~ Z  
Acc (IRP - TEST rLGE 

Procurement f the hydrogen-leak neasurement apparatus was 

temporarily delayed pendi 5 review, by NASA, o? the bids aribmltted. E f f o r t  

on other item of Cy 1963 work w s  continue5 throughout if.e period. 
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Repcr t  No. L35u0-13-24 

IV. PROGRESS STANIUS 

The accompanying chart, present task milestones as se lec ted  for the  
variaus contract  tasks sf the  contractual Work Statements. Certain of the 

irems csnnat be readi ly  prograrmed by discre te  .milestone events,  and char t s  
have not been prepared fo r  These itens. 

These a i les tone  charts inclxde t h s e  ?resented with the varicus h i V A  

Technical A h i n i s t r a t i x  IX;caiien:s presepted i n  FAWN Report 3N 03OO2 (C-RD), 
e n t i t l e d  NERVA Engine Development Program and Associated Tasks, Contw-ct Year 
l?s3 (Xevised), likrcn l963, and a l l  have been exper.ded and m d i f i e d  as necessary 
t o  r e f l ec t  t h e  rei5ire:ted pra,gra!. 

These char t s  bave kerb  upgrafie2 t~ reflect progress thrclugh June lW3. 
Wnere milestones have beer. accxpf i she i ,  the appropriate completion symbols 

have beer. added t o  :.ye chart. i f  a scilea.rile5 milestme has not been accomplished, 

a re-scheduling has bee:! indica:eci ~ r i 5  a diszl;ssi,;n i s  presented i n  the follow- 

iw pare.graphs. 

Mi1esror.e :IC. 7 - s'a3ri:a:t m i  :?,ik) A.11 NRX-A Vaster P.V. Cages 

Slippage sbLscci L;- tfesiiw ,:i-.&ripes a?d cancel la t ion cf so le  source 
for fabr ica t icn .  

Milestone No. 2c) - 3ESF Submit. Preliminary Test  P l a n s  t o  SNPO-C - NRli-A 
Vib 11 

3 . c  F!iU P r ~ ~ r a m  i s  cyrrer.tly being rescheduled. 
dates have been establish-d. 

No firm reschedule 
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ReDort No. L0560-10-24 

Milestone No. 24 - REXlN Submit Preliminary Test Plans t o  SNPO-C - Block I 
(NRX-A2, -A3)  Test at NRDS 

Tie NRX Program is currently being rescheduled. 
dates  have been established. 

No firm rescnedule 

Milestone No. 26 - RM)N Submtt Preliminary Test Spzcs t o  SNPO-C - WX-A 
. .  V i b  I1 

The NRX Pzogram is  currently being rescheduled. 
dates  have been established. 

No firm reschedule 

Milestone No. 29 - R W N  Submit 3reliminary Test Space Specs t o  SNPO-C 
Block I (NRX-M, -A3) Test at NRDS 

The N'RX ?rogran i s  currently being rescheduled. 
dates have been established. 

No firm reschedule 

Milestone No. 3i - LRP Star t  kssy of NRX Non-Nuclear Assembly - NRX-Al 
Cold Flcir 

The NRX Bog- i s  currently .being rescheduled. 
dates b v e  been established. 

No firm reschedule 

Task I t e m  1.2 Propellant FeeZ Syster 

Milestone No. 5 - Establish Acceptance Test Requirements f o r  TFCV 

Hardware slippage c u s e d  s i i p  i n  establishing acceptance test require- 
ments. 

Milestone No. 9 - Make Ter.fative Selection of Bearings for Mk I V  TPA 

Rcxiirection of Mk TV results in reschedule of bearing selection 
mil 8-1-63. 

Task Item 1.3 Nucleer Subsystems 

Milestone No. 6 - NRX-A Shipping Container Design Report Issued 

This milestone slipped pending receipt of design informtion.  

Milestone No. 41 - Test Rig Procurerdent Complete 

This milestone slipped because of a delay In drawing details. 

Milestone No. 45 - Test Rig Procurement Complete I 

Delay i n  drs-dinq detai ls .  
A L through revisiim of WAUL-TNR-09'.. 

These tests 8re being incorporated i n t o  

i 
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. .  Milestone No. 47 - I n i t i a l  Report Issued 

.- 

No test SPC ‘Tens are available. 

Milestone No. 48 - Test Specimen Procurement Complete 

Specimens w i l l  not be available until August. 

Milestone N3. 52 - Test Specimen Procurement Complete 

Deliquelicy ir, vezdor delivery schedule. 

Milestone No. j7  - Test Riy Procsrenent Complete 

Delay i n  .;endor delivery schedule. 

Milestone No. 7 i  - T e s t  Specimen Procurement Compiete 

Test specizlens n o t  available frorr! suyplier . 
Milestone No. 72 - Test Rig “roc;lrernent Complete 

Vendor Cannor 3eet e a r l i e r  delivery date .  

Milestone No. 73 - ‘Test Specinen Prxwernent Complete 

-‘q)pl.ier bss ur.able tr: zee t  an e a r l i e r  delivery schedule. 

Milestone NO.  5.7 - Tesr Specinens Proc-sement Complete 

Cancelied because o f  program change. 

Miles .>ne SO. l l c  - k!L3t ;:~c-.J tTogmn Defined 

Cancelled becsdsr- or’ Frccrm change. 

Milestone No. 12v - Complete Procurement of Long Iead Tocling For Bottom 
Support ‘lates 

Delayed heTause of vendor delivery schedule. 

Milestone No. 133 - S t a t i s t i c a l  Prediction of kximum Fuel Temperature 
issued 

Required greater arnouit of analysis tkbn o r ig ina l ly  scheduled. 

Milestone No. 17u - NRX-A2 Analysis of Control System Performance During 
Reactor Start-up Complete 

Delayed pending c l a r i f i ca t ion  of requirements. 

195 Progress Status,  Page 3 
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Report No. L3563-10-24 

Milestone No. 2l.l - Approval of Design of Instrumentation System 
Instalfation by Instrumentat ion Iaboratory 

*lay iri drawing reiease. 

Milestone No. 212 - Cimplete &?roof Testirg and Evaluation Report of 
Icstrumentat iori 

Delayed because of prcxurement en3 installation problems. 

Milestone No. 213 - Complete Promremect specification for  Instrumentation 

Delayed pending seleezion cf candidate transducers. 

Klestone No. 2l4 - Cmplete Specifications fcr Acceptance Testing and 
Calibratior. of Irstrumentation 

Pending evaluation of candidate transducers. 

t 

s 

Milestone No. 217 - Approvcl of Design of Instrunentation System Installation 
by Instrumentation Lakoratory 

Pending evaluation of candidate transducers. 

Milestone No. 2 l g  - Conplete Procurement Specification for Instrumentstion 

Pending evalmt icjn o? candidate transducers. 

Mi1esfor.e No. 224 - Comp1er.e .?mcwemr.t Spenif ication for Instrumentation 

Pending evaluation af pre-cious instrumentation research. 

Milestone No. 238 - Test Spetirnec ?rox.rsmer.t Complete 

Pending delivery of specimens from the supplier. 

Mi1.estone No. 239 - Test Rig Prozurement Ccmplete 
Delay caused by the single element corrosion tests. 

Milestone No. 255 - Test Specimen Yrocuoment Complete 
Delay in acalytical preparatiw. 

Milestone No. 256 - Test Rig Procurement Complete 
Delay in anhlytical preparation. i 

1% Progress Status, ?age 4 
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Report No. L05GO-1C-24 

Milestone No. 2b8 - H2 Tests Complete 

Pending s v a i l a b i l i t y  of t h e  heat exchanger 

Kilestone [ i t ) .  269 - Repor? Iss?xd 

Delayed because of heat exchanger f a i lu re .  

Milestone No. 2 7 ~  - Test Specimen Procurement Comple',e 

Pending delivery of specimens from the supplier.  

Milestone No. 280 - Feference Fuel Engineering Mechanical and Physical 
Prop2rt ies Report Issued 

_ -  
i 

I - '  

Pending a v a i l a o i l i t y  of experimental specimens and materials. 

Milestone No. 284 - NRK-A Phase I Vibration Core Hardware Procuremerit 
Comp 1 e t  e 

Vendor delivery slipptiges. 

Milestone No. 285 - W X - A l  Cold Flow Reactor Pa r t s  Procurement Complete 

Pending delivery of hardware. 

Milestone No. 294 - Phaee I Core Assembly Complete 

Penc ing delivery of hardware. 

Pending redef in i t ion  2 f  test pian requirements. 

Milestone No. j34 - NR)!-A3 Cold Flow 

Pe:?di.ng redef in i t ion  o f  test plan requirements. 

Mileetofie No. gOj - N E X - A j  Hot Test 

Pending redef in i t ion  c f  test  plan requirements. 

Kilestcrie No. 321 - Complete Design, Frocurement and Assembly of a 
Complete Reactor Mockup for Thecksut of NRX-A 
Assemb:y/Disassembly Equipment 

Procwement delay caused by design Changes. 
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Report No. LO560-10-24 - 

T86k Item 1.4 Thrust Chamber Assembly 

Milestone No. 14 - Cmplete Uraphite H -3 Analysis 
2 2  

Unanticipated t e s t i n g  problems required rework of nozzle after 
escn test. 

!Cask Item 1.5 Er@r,e Controls 

Milestone No. lJ - Complete Vendor Capability Study fo r  Engins Harness 
Components 

Delayed besause of a lz te  vendor quote. 

Task I t e m  1.7 Pneumtic Systen 

Milestone No. 4 - Complete Detail Designs of Pneumatic System fo r  CF'DTS 

CF'DTS Program delay w i l l  permit a later date fo r  tns iayout and 
detail drawing of  tne  pne-matic system. 

'hsk Item 1.9 Radiatior? Effects  Program 

Milestone No. 3 - Submit Summary Hazards Report on PBRF Additions t o  
ShW-C 

The Prelimimry Iiazards Report was reviewed by F'BRF on 6-17-63. 
Changes have been incorporated and f i n a l  report  is i n  publication. 

%ask I t e m  2.4 Instrumeitat  icri 

Milestone No. 16 - Complete Measurment.s L i s t  

NRX-A Vib I1 test has been caiLcelled. Milestone cancelled. 

'Task I t e m  2.6 Re l i ab i l i t y  ar'd Quali ty  Ass.wance 

Milestone No. 5 - Complete Design Review f o r  Wer imen ta l  Sendix Actuators 
(BPPS ) 

D e l a b -  caused by incomplete d e t a i l  documentation on NPC (Experimental). - 
Milestone No. 7 - Complete Design Review of NPJ-Al Cold Flow Non-Nuclear 

Assembly ( LBP j 

This milettone due 6-25-63. LRP report  period stopped 6-20-63. 
r 
i 

I 

I 
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Milestone No. 8 - Complete Review of NRX-A1 Cold Flow Acceptance Test ., 
Procedure ( U P )  

Rescheduled t o  8-io-td3 because of changes ir, design engineering 
a c t i v i t i e s  on which the r e l i a b i l i t y  milestones are basad. .. 

Task Item 2.7 Safe-tL 

Milestone No. '2 - Issue Revised R;FT Safety Xeport on NERVA Engine 
. .  

Description 

Rescheduled t o  Aug~st. t o  allaw incorporation of latest data from 
revised FX Engine Mcdel Spec. Completed d r a f t  revised report  
available fo r  July review. 

Milestone No. 3 - Issue Preliminary 1JRX-A Safeguards Report 

Per SNW request, report belng nodif'ied t o  include complete hazards 
evaluation for  XXX disassembly or'rations. Report t i t l e  changed t o  
"Preliminary Safety Analysis F.eport ." 

Milestone 30. 4 - I s s u e  Iriitial Source Term Description 

Milestone deleted pe r  ttgrefment F.EOFI, WANL, and ShTpO-C xhereby t h i s  
milestone w i l l  be coqlc-ted by WANL i n  CY 1964. 

Milestone Ka. 7 - Cmple tE Eriergency Pisr. fo r  NPX-A Tests a t  NRDS 

Milestone deleted kezause preliminary d r a f t  w i l l  be ccrntained i n  €iRX 
Safety Analyois  Feport . Detailed Ehergency Pla? --" ' n d  be issued 
a n t i 1  after both A.53 Safety h a l y s i s  Eoport ar.5 -J~.ss 'U Nuclear 
KocKet lkveicprner~t S+ar L C I I ~  Stacuard Lave becn . la reviewed. 

Milestone No. 9 - Ylignt Liperatioi Safety Systems R. _'_. e m n .  ~ ..?port 

Per agreement between REOX and SN?3-C pcrsor,nel t : , ~  ~ I ' :e  re- 

arrount of analysis required. 
schedule? f o r  completiori i n  September 1964 *aecausc ,k. i ?e 

Milestone No. 12 - Reactisr fissembly Safety Analysis 3eport Cclnplete 

Pending completior! of material review and d r a f t  preparation. 

Milestom. No. 13 - Reactor Shipping Safegmrds Report Complete 

Additional time required t o  analyze per t inent  data. 

L I  199 Progress Status, Page 7 
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Milestone !?e. 14 - EeFxt  sf Feasibility of Flight Version of a Nl 
Core Nuclear Foison System Issued 

Delay in  data acq>Jisi+,isrl and experimenxal ar.alysis. 

Milestone No. 15 - W - A  Disasw"" * ,ration Safeguards Preliminary 
Repcrt Iss:: ii 

Task I L e m  2.8 Training 

Xilestoce No. 8 - Complete Stui;; L-2idesi-b7i. a1 Aids 

Guides wid a ids  were xmpteiei  ir rcugh form In  Jme. ELt,  des i re  t o  
revise and improve t k m n  based or, f irst  two preseiltations of t h i s  course. 

Mi1es';one No. 10  - Complete Instructor Lesson Plans 

TLesson plans were completed I n  rough form i n  June. 
revise hnd improve then based on f i r s t  two p:zsentations of t h i s  course. 

But, desire t o  

Task Item 3.1 Scele Model ljuct "ragrain 

Milestone NO. 4 - Operhtior, of iES Defined-Scale Model Tests for  !3"TS-1 

Unanticipated problem irrolving disposal of turbine exhaust gases 
and seal leakage. 

Task Item 5.1 E T ,  *st Zone "::" - L?P 

Milestone NO. 4 - Desigr? u P'.ping and Support Pjstems TS c G - c ~  2 

Late receipt of Xl3X-A Test Dcyjeloprnent Plan defining the design 
parameters and physical cor 'Iguratj.on required t o  i n i t i a t e  f ac i l i t y  
design fabrication and i r s t a i l s t i on .  

Milestone ho. 5 - Design of TSA Adapter Piping 

-iate r d e i p t  of N5.X-A l e s t  Ee-v.e;opment Plan lef ining the design 
parametcrs and physical configwayion required ! o  i n i t i a t e  f a c i l i t y  
design fa t r ica t ion  9x3 installation. 

Milestone No. 12 - Activation of NKX-A Cold Flow Test System 
! 

late receipt of R3X-A Test Devel-)pment Plar, defi: ' '.g the design 
parmeters and physical cucfigwation recpired t o  i n i t i a t e  f a r i l i t y  
design fabrication sr,d installa+,ion. 

- 
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Report No. _- L0560-10-24 -- 
Milostone No. 10 - Activation of NRX-A Cold Test I b C Systenc 

Elininated because redundant t o  effbrt being done i n  Task 2.4. 

Task Item 5.2 Si2 Cryogenics Labora'vy-?'cst Zone "A" - - LRP 

Milestone No. 2 - Fabricate mid Ins t a l l  TSCV Test Systen 

Delay i n  receipt from vendor of long lead hardware. 

Milestone No. 4 - Fabric E and Iristall IPCV Test System 

'&lay i n  rec-ipt from vendor of l o r g  lead hardware. 

Milestcna Eo. 5 - lkbrirste and I n s t a l l  Ii.12 Transfer Pip,ng System 

Received bi d n  Colisiderl+bLy over C O I I ~ F O ~  estimate. 

Task I t e m  . .3 STW TL'S i %one "li" - L#RP 

8-4, - 5 ,  -6 

--. . 

Milestone do. 3 - Fabricate a d  I n s t a l l  Mechanical STE for  T?st Stands 

Delay i n  ' -stru:ticn caused by prodram redirection and slippages i n  
contraclu, sr.herl;lled perforrrstnce 

Vilestone No. 9 - i'abr i c b a t  ar-d 1n.stall &chanical Portion PFFITS/TCA 

l3elay i n  receipt of desier, criteria coupled with delay ir starid 
construct ion. 

4 , -  

." li 
I 

Mlestone No. 10 - i-'abri?atr- and Ins ta l i  T U  Adapter Coolant Pipe System 

Eliminated t cause in-l:irled in iviilestone 9 accomplishments. 

Milestime Mo. IF! - Iksign E l a c t r l c s l  Cont.. US Fac i l i ty  TPA Testing 

Active desigr. t 

Lot No. 2 fac i l i ty .  
'xt dtr 'cried because of postponed in s t a l l a t ion  of 

Task Item 5.4 STE AGC (ALusa Flant j Analog Computzr 

Milestone No. 4 - Deliver 231R Additional Equipmi?t 

SIJPO approved last purchase order 6-26-63. 
delivery 9-15-63. 

Equipment due f o r  

- - -- 
201 ' Progress St.atus, Page 5, 

..... . . . .  . . . . .  ....-. . . . .  . .  ".. . . . . . . . .  . . . . . . . . . . . .  ................ ; E  . :... 

-i 
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Report No. LC560-10-24 

Milestone No. 5 - Deliver Control System C/O Equipment 

Elajor portion equipment received. 
remaintier of items. 

Vendor deli-ery dates delaying 

Milestone No. 2 - Fabricate and insta l l  LY, Systeln &tension 

Seceiveed bids hicher than coctrol estizate. 

292 *ogress Status, m e  10 ; 
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